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ANNEX A TO FORM PCT/IB/313 



Inte. aonal Application No. 

PCT/US96/20415 



The International Bureau has found the following defects in the international application: 

1 . As to signature* of the international application (Rules 4. 1 5 and 90.4), the request: 

a. Q is not signed. 

b. Q is not signed by all the applicants. 

c. Q is not accompanied by the statement referred to in the check list in Box No. VIII of the request explaining the lack of 

the signature of an applicant for the designation of the United States of America. 

d. Q is signed by what appears to be an agent/common representative but 

I I the international application is not accompanied by a power of attorney appointing him. 

I I the power of attorney accompanying the international application is not signed by all the applicants. 

e. Q other (specify): 



* All applicants must sign, including inventors if they are also applicants (e.g. where the United States of America is 
designated). 

2. As to indications concerning the applicant, the request (Rules 4.4 and 4.5): 
does not properly indicate the applicant's name (specify): 



b. [_] does not indicate the applicant's address. 

c. ^ does not properly indicate the applicant's address (specify): 

ISfflGE and SATIO'S postcodes are missing. 



d. I I does not indicate the applicant's nationality. 

e. Q does not indicate the applicant's residence. 

f. Q other (specify): 



3. As to the language of some parts of the international application (Rule 12.1): 




a. Q the request is not in (one of) the admitted language(s) which is (are): 


English 


b. Q the text matter of the drawings is not in (one of) the admitted language(s) 


English 


which is (are): 




c. n the abstract is not in (one of) the adnuKed lauguage(s) which is (are): 


English 



4. The title of the invention: 

a. O is not indicated in Box No. I of the request (Rule 4.1). 

b. Q is not indicated at the top of the first sheet of the description (Rule 5. 1(a)). 

c. Q as appearing in Box No. I of the request is not identical with the title heading the description (Rule 5.1(a)). 
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..ional Application No. 
PCT/US96/20415 



The physical requirements of the international application are not complied with to the extent which is necessary for the purpose 
of a reasonably uniform international publication, as specified below (Rule 1 1 ). The International Bureau has found the following 
defects in the presentation of the text matter of the international application: 





| | The sheets do not admit of direct reproduction. 


Request 
□ 


Description 
□ 


Claims 

□ 


Abstract 
□ 




| | The element does not commence on a new sheet. 


I 1 

□ 


1 1 

□ 


i — i 
□ 


| 1 

□ 






1 1 

u 


1 1 

u 


i — i 
LI 


1 1 

u 




Q Sheetsarenotusedmtheupnghtpos.tron. 


1 — 1 

u 


1 — 1 

LI 


j — i 
U 


1 — 1 

u 




[ | One side of the sheets is not left unused. 


□ 


□ 


□ 


□ 




j j The paper of the sheets is not flexible/strongMMte/smooth/non-shiny/durable. 


1 — 1 

□ 


i — i 

□ 


i — i 

□ 


1 — 1 

□ 


g- 


| | The sheets are not connected as prescribed (Rule 1 1.4(b)). 


□ 


□ 


□ 


□ 


h. 


[ | Sheets are not A4 size (29.7 cm x 21 cm). 


□ 


□ 


□ 


□ 


i. 


fVl The margins on the sheets are not as prescribed (top: 2 cm; left side: 2.5 cm; 
^ right side: 2 cm; bottom: 2 cm). 64-87 






□ 


□ 


j- 


I 1 The file reference number indicated on the sheets does not appear in the left- 
1 — 1 hand comer of the sheets, within 1 . 5 cm of the top of the sheets. 




□ 


□ 


□ 


k. 


[ | The file reference number exceeds the maximum of 12 characters. 


□ 


□ 


□ 


□ 


1. 


The sheets of the description, claims and abstract are not numbered in 
— consecutive Arabic numerals. 




□ 


□ 


□ 


m. 


| | The sheet numbers are not centered at the top or bottom of the sheets. 


□ 


□ 


□ 


□ 




| | The sheet numbers are in the margin (see i. above for the size of the margins). 




□ 


□ 


□ 




| | The text matter is not typed or printed. 


-O- 


-Q- 


-&- 


-Q- 



| | The typing on the sheets is not 1 J4 spaced. 




□ 


□ 


□ 


j 1 The characters in the text matter on the sheets are less than 0.2 1 cm high in 
— capital letters. 


□ 


□ 


□ 


□ 


| | The text matter on the sheets is not in dark, indelible color. 


□ 


□ 


□ 


□ 


| | The element contains drawings. 


□ 


□ 


□ 


□ 


| | The sheets contain alterations/overwritings/interlineations/too many erasures. 


□ 


□ 


□ 


□ 


[ | The sheets contain photocopy marks. 


□ 


□ 


□ 


□ 
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INTERNATIONAL SEARCH REPORT 

(PCT Article 1 8 and Rules 43 and 44) 



Applicant's or agent's file reference 

2185-0156 FPC 



POR FURTH ER see Notification of Transmittal of International Search Report 

(Form PCT/ISA/220) as well as, where applicable, item 5 below. 

ACTION 



International application No. 

PCT/ US 96/20415 



International filing date (day/month/year) 

27/12/1996 



(Earliest) Priority Date (day/month/year) 



SUMITOMO CHEMICAL CO., LTD. et al . 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 1 8. A copy is being transmitted to the International Bureau. 



This International Search Report consists of a total of _ 



| X | It is also accompanied by a copy of each prior art document cited in this report. 



1 . Q Certain claims were found unsearchable (see Box I). 

2. [^] Unity of invention is lacking (see Box II). 



[X~| The international application contains disclosure of a nucleotide and/or amino acid sequence listingand the 
international search was carried out on the basis of the sequence listing 

| X I filed with the international application. 

| ) furnished by the applicant separately from the international application, 

| | but not accompanied by a statement to the effect that it did not include 

matter going beyond the disclosure in the international application as filed. 



| | Transcribed by this Authority 



4. With regard to the title, | X j the text is approved as submitted by the applicant. 

| j the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 



| X | the text is approved as submitted by the applicant. 

| j the text has been established, according to Rule 38.2(b), by this Authority as it appears in 
Box III. The applicant may, within one month from the date of mailing of this International 
Search Report, submit comments to this Authority. 



The figure of the drawings to be published with the abstract is: 
Figure No. flTI' 3 | | as suggested by the applicant. 

| j because the applicant failed to suggest a figure. 

| j because this figure better characterizes the invention. 



| | None of the figur 



Form PCT/ISA/21 0 (first sheet) (July 1 992) 



NAL SEARCH REPORT 



>m^^m Application No 

PCT/US 96/20415 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C12N15/82 C12N15/53 C12Q1/02 C12Q1/26 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 


Minimum documentation searched (classification sysl 

IPC 6 C12N C12Q 


.em followed by da 


ssification symbols) 




Documentation searched other than minimum docum 


ntation to the extcr 


t that such documents are included in 


the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms u: 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document, u 



i indication, where appropriate, of the relevant passages 



Relevant to claim No. 



/WO 95 34659 A (CIBA GEIGY AG ;WARD ERIC 
RUSSELL (CH); VOLRATH SANDRA (US) ) 21 
December 1995 
see the whole document 

j/NARITA, S.I., ET AL. : "Molecular cloning 
and characterization of a cDNA that 
encodes protoporphyrinogen oxidase of 
Arabidopsis thaliana" 
GENE, 

vol. 182, 5 December 1996, 
pages 169-175, XPQ0Q676610 
see the whole document 



-/-- 



1-39 



Further documents are listed ir 



m 



Patent family members are listed ir 



cs of ci 



i documents : 



document defining the general state of the art which is not 
considered to be of particular relevance 
earlier document but published on or after the international 
filing date 

document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 
document referring to an oral disclosure, use, exhibition or 



iter document published after the international filing date 
yr priority date and not in conflict with the applicaUon but 
nted to understand the principle or theory underlying the 



*X" document of particular relevance; the claimed 

cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 

'&" document member of the same patent family 



Date of the actual completion of the international search 

24 September 1997 

Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaai 
NL - 2280 HV Rijswijk 
Tel. ( + 31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+ 31-70) 340-3016 



Date of mailing of the international search report 

0 6. 10, 97 



Form PCT/ISA'210 (second sheet) (July 1992) 
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C(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



KATAOKA M ET AL: "ISOLATION AND PARTIAL 
CHARACTERISATION OF MUTANT CHLAMYD0M0NAS 
.REINHARDTII RESISTANT TO HERBICIDE 
/ S-23142" 
JOURNAL OF PESTICIDE SCIENCE, 
vol. 15, no. 3, August 1990, 
pages 449-451, XP000651693 
see the whole document 

, 0SHI0 H ET AL: "ISOLATION AND 
CHARACTERIZATION OF A CHLAMYDOMONAS 
REINHAROTII MUTANT RESISTANT TO 
PHOTOBLEACHING HERBICIDES" 
ZEITSCHRI FT FUER NATURFORSCHUNG. C, A 
JOURNAL OF BIOSCIENCES, 
vol. 48, no. 3/04, 1993, 
pages 339-344, XP000651400 
see the whole document 



V Ml 



'SATO R ET AL: "CHARACTERIZATION OF A 
MUTANT OF CHLAMYDOMONAS REINHARDTI I 
RESISTANT TO PROTOPORPHYRINOGEN OXIDASE 
INHIBITORS" 
ACS SYMPOSIUM SERIES, 
vol. 559, 1994, 
pages 91-104, XP000651696 
see the whole document 



y WO 97 04089 A (SUMITOMO CHEMICAL CO ;UNIV 
v DUKE (US); SATO RYO (JP); BOYNTON JOHN) 6 
February 1997 
see sequence ID no. 1 

/WO 97 04088 A (SUMITOMO CHEMICAL CO ;UNIV 
DUKE (US); SATO RYO (JP); BOYNTON JOHN) 6 
February 1997 
see sequence ID no.l 

' WO 97 32011 A (CIBA GEIGY AG ;VOLRATH 
SANDRA L (US); JOHNSON MARIE A (US); 
POTTER) 4 September 1997 
see page 21 

see page 69; example 14 



15,20-25 



15,18, 
24,25 
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21-12-95 
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EP 
FI 
HU 
PL 



2453895 
G769059 

964958 
76353 

317759 



05-01-96 
23-04-97 
11-12-96 
28-08-97 
28-04-97 



WO 9704089 A 



WO 9704088 A 



06-02-97 



WO 


9704G88 


A 


06-02-97 


WO 


9704089 A 


06-02-97 


wo 


9732011 


A 


04-09-97 


WO 


9732028 A 


04-09-97 



Form PCT/ISA^IO (patent family annex) (July 1992) 



PATENT COOPERATION TREATY 

PCT 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
21 85-01 56FPC 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
PCT/US96/20415 


International filing date (day/montMyear) 
27/1 2/1 996 


Priority date (day/month/year) 
27/12/1996 



International Patent Classification (IPC) or national classification and IPC 
C12N15/82 



Applicant 

SUMITOMO CHEMICAL CO., LTD. et al. 

1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 8 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.1 6 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 1 sheets. 



3. This report contains indications relating to the following items: 

I El Basis of the report 

II □ Priority 

III □ Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

IV □ Lack of unity of invention 

V H Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 

citations and explanations suporting such statement 

VI Certain documents cited 

VII □ Certain defects in the international application 

VIII Kl Certain observations on the international application 



Date of submission of the demand 

09/01/1998 


Date of completion of this report 

2 2. 03. 99 


Name and mailing address of the international 
preliminary examining authority: 
— ^ European Patent Office 
0)H D-80298 Munich 

Z4>' Tel. (+49-89) 2399-0 Tx: 523656 epmu d 
Fax: (+49-89) 2399-4465 


Authorized officer .^gSIS^j^ 
Claes, B \ £ I 

Telephone No. (+49-89) 2399 8429 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/US96/2041 5 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.) : 

Description, pages: 

1 -87 as originally filed 

Claims, No.: 

1-34,36-40 as originally filed 

35 as received on 23/02/1999 with letter of 23/02/1999 

Drawings, sheets: 

1 /3-3/3 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have beert- 

considered to go beyond the disclosure as filed (Rule 70.2(c)): _~ . 



4. Additional observations, if necessary: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



1. Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



3,5-9 

1,2,4,10-40 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



3,5-9 

1,2,4,10-40 



Industrial applicability (IA) 



Yes: 
No: 



Claims 
Claims 



1-40 



2. Citations and explanations 
see separate sheet 

VI. Certain documents cited 

1 . Certain published documents (Rule 70.10) 
and / or 

2. Non-written disclosures (Rule 70.9) 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Note: The claims comply with the requirement of Article 34(2)(b) PCT 
Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . The following documents are referred to: 
D1 = W095/34659 

D2 = Sato et al. (1994). ACS symposium Series, 559, p.91-104. 

D3 = Oshio et al. (1993), Zeitschrift fur Naturforschung, 48, 3(04), p.339-344. 

2. The present application concerns the identification of a single point mutation in the 
Chlamydomonas reinhardtii PPO gene, which renders the enzyme coded for 
insensitive to inhibiting herbicides (It is noted here that the sequence of the mutant 
PPO gene was described in WO97/04088 and WO97/04098, two documents 
which however are not prior art in the present Chapter II phase). The point 
mutation was revealed upon comparison of the amino acid sequence of the 
mutant PPO form of the known resistant RS-3 C. reinhardtii strain (see D2) with 
known sequences from maize, arabidopsis (chloroplast PPO, known from e.g. D1) 
and the wild type C.reinhardtii PPO enzyme. The mutation enables construction of 
plants resistant to PPO inhibiting herbicides and further identification of PPO 
inhibiting herbicides. " 

3. As can be taken from the above various PPO genes had been known in the art 
(e.g. D1). Furthermore, RS-3, a C.reinhardtii strain resistant to PPO-inhibiting 
herbicides had also been known in the art at the relevant date of the present 
application (see D2). 

In the sections "Strategies for cloning the rs-3 gene" (p.98-100) and "concluding 
remarks" (p. 103), D2 sets out a clear incentive and a technical route for isolating 
the mutant PPO gene of the C.reinhardtii RS-3 strain. 
Furthermore, D1 discloses the various methods for producing PPO- inhibiting 
herbicide resistant plants based on e.g. rendering the PPO gene insensitive to 
inhibition by mutation. 



INTERNATIONAL PRELIMINARY International application No. PCT/US96/2041 5 

EXAMINATION REPORT - SEPARATE SHEET 



4. a. At p. 7 (as from line 31) the present application defines the terms "DNA fragment" 

as applied in the wording of the claims. 

The term "biologically functional equivalent" appears not to have been further 
defined in the application. However, this term has to be taken to mean any PPO- 
inhibiting herbicide resistant gene independent whether the "Val13 mutation" is 
present or not. The reason for this is that it is clear from the wording of claim 1 
(and similarly worded claims) that the definition given in items (1), (2) and (3) are 
valid for the "DNA fragment" and not for the "biologically functional equivalent. 
Hence, claim 1 needs to be interpreted as embracing "methods of conferring 
resistance upon plants or plant cells, comprising introducing a DNA fragment 
encoding a resistant PPO into plant cells in which the fragment is expressed". 
Analogously, any other claim referring to "biologically functional equivalent" needs 
to be interpreted broadly. 

Methods as subject matter of e.g. claim 1 had already been disclosed in D1 (see 
e.g. claims 10,41,74). Hence, The subject matter of claims 1.2.4 and 10-25 lacks 
novelty (Article 33.2 PCT) in view of D1 and the presence of the wording 
"biologically functional equivalent thereof". 

b. Applicant has contended that limitations (1 )-(3) in the claims apply to both "DNA 
fragment(s) and "biologically functional equivalent(s) thereof", which "are 
expressed" and ha(ve) the characteristics (1)-(3). 

However, proper analysis of claim 1 reveals that characteristics (1)-(3) only refer 
to a DNA fragment and not to any equivalent and that the verb "to have" is merely 
present in the singular "has" (line 8 of claim 8 ). Any allegation that the verb 
should be read in the plural or that characteristics (1)-(3) would apply to functional 
equivalents therefore fails. Accordingly, the I PEA concurs with its previously 
expressed opinion on this matter. 

5. As claims 3 and 5-9 further define subject matter related to the "DNA fragment" 
they are interpreted for the purpose of the present written opinion as not 
embracing "biologically functional equivalents" and are thus interpreted as to 
include the feature that Val13 is not present (however see item VIII). 
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The IPEA finds that from the teaching of D1 and D2 or a combination thereof, the 
finding that mutation of the Val13 residue in the Chlamvdomonas PPO protein 
leads to a resistant enzyme could not be taken in an obvious manner. The IPEA 
considers that the present mutation is a non-obvious selection of all the possible 
mutations indicated in D1 to arrive at a resistant enzyme. The subject matter of 
claims 3 and 5-9 is therefore considered novel and inventive. 

6.a. D3 (see e.g. table 1 on p.342) discloses methods for evaluating the inhibitory 
effect of compounds on PPO, comprising (a) a sensitive and a resistant 
microorganism containing the PPO VaM 3 mutation (i.e. the RS-3 strain) and (b) 
measuring the growth of both to evaluate the inhibitory effect. 

This disclosure is novelty destroying for the subject matter of claims 26-40 (Article 
33.2 PCT. 

b. Applicynt has contended that the format of a "product by process claim" renders at 
last claims 27-35 and 37-40 novel over the disclosure in D3. 
In this context it is noted however, that according to current case law, for a 
product defined by a process of manufacture to be novel the product as such 
needs to be novel (likewise for inventive step). In the present situation the defined 
product is is not novel over the product defined in D3. Accordingly also the 
processes, in the present situation are not considered novel. The submitted 
argumentation is therefore dismissed. 

Re Item VI 

Certain documents cited 

Certain published documents (Rule 70.10) 

Application No 

PatQnt No Publication date(day/month/year) Filing date(day/month/year) Priority date (valid claim )(day/month/y ear) 

WO97/04089 06/02/97 19/07/96 20/07/95 

WO97/04088 06/02/97 20/07/96 20/07/95 

WO97/32011 04/09/97 27/02/97 28/02/96 

21/06/06 
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Re Item VIII 

Certain observations on the international application 

1 .a. The wording of claim 1 lacks clarity under Article 6 PCT. 

The wording of item (2) is "said DNA fragment is homologous to a nucleic acid 
encoding an amino acid sequence selected from the group .... and encodes a 
protein or part of a protein in which an amino acid corresponding to Val13 of 
SEQ ... is substituted by another amino acid; that can be detected and isolated 
by DNA-DNA or DNA-RNA hybridisation methods" . 

The wording "homologous" is meaningless without indication of the % homology. 
In particular it is in the present case unclear whether the DNA fragment needs to 
contain the whole specific sequence or not. 

The wording "part of a protein in which" renders the scope of the claim unclear. 
The applied wording actually makes that the defined DNA fragment needs not to 
contain the region of the Val13 amino acid at all. 

From the wording "that can be detected and isolated by DNA-DNA or DNA-RNA 
hybridisation methods" it is unclear "what" needs to be detectable or 
identifiabiable. 

b. Applicant has asserted that the term "homologous" in claim 1 needs to be read in 
conjunction with the feature "hybridisation". Hence, it was contended that the 
claim is clear. 

It is noted however that it may indeed be the DNA fragment which "can be 
detected and isolated by ... hybridisation methods". However, claim 1 does not 
indicate which probes need to be used in such methods. In fact, any DNA 
fragment can be detected and isolated by hybridisation. Accordingly, the reference 
to hybridisation does not limit the feature "homologous". Applicant's arguments 
thus need to be dismissed and the I PEA adheres to the above expressed opinion. 
Applicant furthermore contende that the wording "part of a protein" does still 
require the part of the protein to have another amino acid at position Val13. The 
I PEA cannot concur with this opinion. Proper reading of feature (2) reveals that it 
refers to a "part of a protein which has a feature A" . However, a part of such 
protein A does not necessarily have the feature A. Hence the I PEA maintains its 
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objection as expressed above. 

2. Furthermore, as already mentioned under item V of the present written opinion, 
the wording "or biologically functional equivalents thereof" as applied in the claims 
of the present application is open to interpretation and therefor unclear. 

Moreover, the present application at p. 7 as from line 31, defines the wording 
"DNA fragment". This definition is very broad and open to interpretation. It renders 
the scope of the claims unclear. 

3. The wording (as claim 30) in claim 35 is unclear and without any technical 
meaning. 
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The present invention provides methods to confer resistance to protoporphyrinogen-inhibiting herbicides onto crop plants. Resistance 
is conferred by genetically engineering the plants to express cloned DNA encoding a protoporphyrinogen oxidase resistant to porphyric 
herbicides. If such resistant crop plants are cultivated, utilization of these herbicides on fields of these crop plants becomes feasible. 
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by genetic engineering methods. In addition, the present invention provides methods to evaluate the inhibitory effects of test compounds on 
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METHODS OF CONFERRING PPO- INHIBITING HERBICIDE 
RESISTANCE TO PLANTS BY GENE MANIPULATION 

BACKGROUND OF THE INVENTION 

fi Field of the Invention 

5 The present invention relates to DNA fragments that 

v confer resistance to protoporphyrinogen oxidase (PPO; EC 

1.3.3.4)- inhibiting herbicides onto plants, plasmids 
and microorganisms that contain these DNA fragments. 
The present invention also relates to methods of 
10 conferring resistance onto plants and plant cells by- 

using genetically engineered DNA fragments that encode 
PPO. Other aspects of the present invention are plants 
and plant cells onto which have been conferred 
resistance to PPO- inhibiting herbicides. Another aspect 
15 of the present invention relates to a method for 

evaluating the inhibitory effects of compounds on PPO 
activity utilizing microbial systems differing only by 
the presence of genes encoding PPO resistant or 
sensitive to said compounds. 

2 0 Description of Related Art 

A group of widely-known compounds used as active 
ingredients of some varieties of commercially- and 
otherwise-available herbicides exhibit herbicidal 
activity in the presence of light, but exhibit no 
25 herbicidal activity in darkness. This has led to their 

common designation as light -dependent herbicides. It 
has recently been shown that these herbicides induce 
high levels of porphyrin accumulation in plants and 
algae, and thus they are now designated as "porphyrin- 

3 0 accumulating type herbicides" f Zoku. Ivakuhin-no- 

Kaihatsu , (translation: " The Development of Medical Drug 
Products ; continuation") vol. 18; Development of 
Agricultural Chemicals II . chapter 16, section 16-1, 
1993, Iwamura et al . , eds . , Hirokawa Shoten, Tokyo ) or 
35 simply "porphyric herbicides". It was reported by 
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Matringe et al . , ( Biochem J . 260:231 (1989) and ( FEBS 
Lett . 245: 35 (1989)) that porphyrin-accumulating type 
herbicides inhibit isolated protoporphyrinogen oxidase . 
Thus porphyric herbicides are also called PPO- inhibiting 
herbicides. Protoporphyrinogen oxidase is commonly 
found in microorganisms such as bacteria and yeast, 
plants including algae and animals. This enzyme 
catalyzes the last oxidation step which is common in 
both the heme and the chlorophyll biosynthesis pathways, 
namely the oxidation of protoporphyrinogen IX to 
protoporphyrin IX (Matringe et al . , Biochem J . 260: 231 
(1989) ) . 

Bacterial PPOs are thought to be localized in the 
cytoplasm and the genes encoding bacterial PPOs have 
been isolated from Escherichia, coli (Gen Bank accession 
X6 8 6 6 0 : ECHEMGA ; Sasarman et al . , Can. J. Microbiol . 39: 
1155 (1993) ) and Bacillus subtilis (Gen Bank accession 
M 9 7 2 0 8 : BACHEMEHY , Daily et al . , J. Biol. Chem . 269: 813 
(1994)). Mouse (Gen Bank accession U25114 : MMU25114 ) , 
human (Gen Bank accession D3 853 7 : HUMPOX and U26446: 
HSU26446) and yeast (Ward & Volrath, WO 95/34659, 1996) 
genes encoding mitochondrial PPO have been isolated. 
Genes encoding chloroplast PPO have also been isolated 
from Arabidopsis thaliana and maize (Ward & Volrath, WO 
95/34659, 1996) . 

Like higher plants, the unicellular green alga 
Chlamydomonas reinhardtii is highly sensitive to PPO- 
inhibiting herbicides. However, a mutant strain 
designated RS-3 (Kataoka et al . , J. Pesticide Sci . 15: 
449 (1990) ) shows, resistance specifically to PPO 
inhibitors. This resistance results from a single 
dominant nuclear mutation (Sato et al . , Porphyric 
Pesticides: Chemistry, Toxicology and Pharmaceutical 
Applications , Duke & Rebeiz eds . , ACS symposium series 
55 9, pp. 91-1U4, c. 1994 by the American Chemical 
Society, Washington D.C.) . Furthermore, PPO activity in 
isolated chloroplast fragments from the RS-3 mutant is 
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significantly less sensitive to PPO inhibitors than 
similar chloroplast fragments from wild type C. 
reinhardtii (Shibata et al . , Research in Photosynthesis 
Murata ed. , Vol. Ill, pp. 567-570, c. 1993 by Kluwer 
5 Academic Publishers, Dordrecht, Netherlands). 

Since most crop plants do not exhibit resistance to 
PPO- inhibiting herbicides, these compounds cannot be 
used on farmland when such crops are under cultivation. 
If it were possible to develop crop plants resistant to 

10 PPO- inhibiting herbicides, such herbicides could be used 

for weed control during the growing season. This would 
make crop management easier, and increase the value of 
these herbicides in agricultural applications. For this 
reason, it is desirable to develop a method for 

15 conferring resistance to PPO- inhibiting herbicides or 

porphyrin-accumulating herbicides upon crop plants. 

Summary of the Invention 

With this goal in mind, the present inventors have 
investigated a mutant strain, designated RS-3, of the 

2 0 unicellular green alga Chlamydomonas reinhardtii which 

shows specific resistance to PPO- inhibiting herbicides. 
The present inventors therefore isolated clones that 
contain a gene responsible for resistance to PPO- 
inhibiting herbicides from a genomic DNA library 
25 constructed from total nuclear DNA of the RS-3 mutant 

and succeeded in isolating DNA fragments which confer 
PPO- inhibiting herbicide resistance to plant or algal 
cells. The inventors further demonstrated that these 
DNA fragments contain PPO gene sequences and that the 

3 0 DNA fragments from the RS-3 mutant have a single base 

pair substitution leading to an amino acid substitution 
within a highly conserved domain of the plant PPO 
protein. Thus, the inventors were able to establish 
methods that will confer PPO- inhibiting herbicide 
35 resistance onto plants or algae by introducing a 

genetically engineered PPO gene which results in a 
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specific amino acid substitution in the PPO enzyme. 

An objective of the present invention is to provide 
a method of conferring resistance to PPO- inhibiting 
herbicide upon plants or plant cells, including algae, 
5 comprising introducing a DNA fragment or biologically 

functional equivalent thereof, or a plasmid containing 
the DNA fragment, into plants or plant cells, including 
algae, wherein said DNA fragment or said biologically 
functional equivalent is expressed and has the following 
10 characteristics: 

(1) said DNA fragment encodes a protein or a part 
of a protein having plant PPO activity, 

(2) said DNA fragment has a homologous sequence 
that can be detected and isolated by DNA- DNA or DNA-RNA 

15 hybridization methods, with respect to a nucleic acid 

encoding an amino acid sequence shown in SEQ . ID. No. : 
1 or SEQ. ID. No.: 2 or SEQ. ID. No.: 3, and encodes a 
protein in which an amino acid corresponding to Vall3 of 
SEQ. ID. No.: 1 or SEQ. ID. No.: 2 or SEQ. ID. No.: 3 is 

20 artificially substituted with another amino acid by a 

genetic engineering method, and 

(3) said DNA fragment has the ability to confer 
resistance to PPO- inhibiting herbicides in plant or 
algal cells when expressed therein. 

25 Another objective of the present invention is to 

provide a plant or plant cells upon which resistance is 
conferred by the method described above . 

A further objective of the present invention is to 
provide a method for selecting plant cells upon which 

30 resistance to PPO -inhibiting herbicides is conferred, 

comprising treating a population of plant cells upon 
which resistance to PPO- inhibiting herbicide is 
conferred by the present methods with a PPO- inhibiting 
herbicide in an amount which normally inhibits growth of 

35 sensitive plant ceils. 

A still further objective of the invention is to 
provide a method of controlling plants sensitive to PPO- 
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inhibiting herbicides in a field of crop plants upon 
which resistance to PPO- inhibiting herbicides is 
conferred by the methods described herein, comprising 
applying PPO-inhibiting herbicide in an effective amount 
to inhibit growth of said PPO-inhibiting herbicide - 
sensitive plants. 

A still further objective of the invention is to 
provide a DNA fragment or biologically functional 
equivalent thereof which has the following 
characteristics: 

(1) said DNA fragment encodes a protein or a part 
of the protein having plant PPO activity. 

(2) said DNA fragment has a homologous sequence 
that can be detected and isolated by DNA -DNA or DNA-RNA 
hybridization methods, with respect to a nucleic acid 
encoding an amino acid sequence shown in SEQ. ID. No. : 
1 or SEQ. ID. No.: 2 or SEQ. ID. No.: 3. 

(3) said DNA fragment encodes a protein in which 
an amino acid corresponding to Vall3 of SEQ. ID. No . : 1 
or SEQ. ID. No.: 2 or SEQ. ID. No.: 3 is artificially 
substituted by a different amino acid by a genetic 
engineering method, and 

(4) said DNA fragment has the ability to confer 
resistance to PPO-inhibiting herbicides in plant or 
algal cells when expressed therein. 

Still further objectives of the invention are to 
provide a plasmid comprising the DNA fragment or 
biologically functional equivalent thereof described 
above, and a microorganism harboring the plasmid. 

Still further objectives of the invention are to 
provide a method for evaluating the inhibitory effect of 
a test compound on PPO, comprising (a) culturing a 
sensitive microorganism containing a gene encoding a 
protein with PPO activity sensitive to PPO inhibitors 
and a resist ant transformant microorganism in the 
presence of a test compound. In this method, the 
resistant transformant microorganism differs from the 
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said sensitive microorganism only by the presence of a 
gene encoding a protein with PPO activity resistant to 
PPO inhibitors in which the amino acid corresponding to 
Vall3 of SEQ. ID. No.: 1 or SEQ. ID. No.: 2 or SEQ. ID. 
5 No.: 3 is replaced with another amino acid artificially 

by a genetic engineering method , and (b) evaluating the 
growth of both sensitive and resistant microorganisms to 
determine the inhibitory effect of the test compound on 
PPO. Said method includes: 

10 (1) a method of selecting a PPO inhibitor, 

comprising (a) culturing in the presence of a test 
compound a sensitive microorganism having a gene 
encoding a protein with PPO activity sensitive to PPO 
inhibitors and a microorganism differing from said 

15 microorganism by the presence of a gene encoding a 

protein with PPO activity resistant to PPO inhibitors in 
which an amino acid corresponding to Vall3 of SEQ. ID. 
No.: 1 or SEQ. ID. No.: 2 or SEQ. ID. No.: 3 is 
artificially replaced with another amino acid by a 

20 genetic engineering method, and (b) identifying 

compounds which inhibit growth of only the sensitive 
microorganisms at a particular dosage where resistant 
microorganisms will grow; and 

(2) a method of selecting a compound that does not 

25 inhibit PPO, comprising culturing a sensitive 

microorganism having a gene encoding a protein having 
PPO activity sensitive to PPO inhibitors and a resistant 
transformant microorganism differing only from said 
sensitive microorganism by- the presence of a gene 

3 0 encoding a protein with PPO activity resistant to PPO 

inhibitors and having an amino acid substitution at the 
position corresponding to Vall3 of SEQ . ID. No. : 1 or 
SEQ . ID . No . : 2 or SEQ . ID . No . : 3 introduced by a 
genetic engineering method, and (b) identifying the 

35 compounds which inhibit growth of both sensitive and 

resistant microorganisms. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1(a) -1(e) shows restriction site maps of 
cloned DNA fragments which confer resistance to 
porphyrin -accumulating type herbicides. The sizes of 
the fragments are indicated by the numbers (kb) in 
Figure 1(e) . Xhol and Hindlll sites are shown in 
Figure 1(a) - Figure 1(d) . PstI and PmaCI sites are 
shown only in Figure 1(a) . Abbreviations: B, BamHI; 
S, Sail; P, PstI; X, Xhol; E, EcoRI ; H, Hindlll; 
K,KpnI; C, Clal. 

Figure 1(a): 2.6 kb DNA fragment designated as 
Xho/PmaC2 .6; 

Figure 1(b): 3.4 kb DNA fragment designated as 
Xho3 .4; 

Figure 1(c) : 10.0 kb DNA fragment designated as 
Hindi 0. 0; 

Figure 1(d): 13.8 kb DNA fragment designated as 
Ecol3 . 8 ; 

Figure 1(e) : an approximately 40.4 kb DNA 
fragment possessed by the cosmid clone 2955 (Cos2955) 
from the RS-3 mutant. 

Figure 2 diagrams the structure of a pBS plasmid 
having the Ecol3 . 8 fragment of Cos2955 as the insert. 
Distances between restriction sites (kb) are indicated 
by the numbers above the insert . 

Figure 3 illustrates the structure of a pBS 
plasmid having the Xho/PmaC2 . 6 fragment of Ecol3 . 8 as 
the insert. Distances between restriction sites (kb) 
are indicated by the numbers above the insert . 



3 0 DETAILED DESCRIPTION OF THE INVENTION 

With regard to the terminology used herein, the 
term "DNA fragments" refers not only to the DNA 
fragments that may be used in the subject method of 
conferring PPO- inhibiting herbicide resistance, but 

35 also to degenerate isomers and genetically equivalent 

modified forms of these fragments. "Degenerate 
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tetrahydrophthalimide (referred to below as compound 
A) , and the diphenyl ether herbicides such as 
acifluorfen, lactofen, fomesafen, oxyfluorfen. Also 
of significance are the class of herbicides having the 
5 general formula X - Q, wherein Q is 




( Formula 1 ) ( Formula 2 ) ( Formula 3 ) ( Formula 4 ) 




( Formula 9 ) 



( Formula 10 ) 
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and X equals 



A - H, halogen 

B-O, S 

R - Cj-Cg alkyl, 
C 3 -Cg alkenyl, 
C 3 -Cg alkynyl 



y — COOR 



wherein 

A - H, halogen 

B = O, S 

R' - H, CH 3 

R - C,-C , alkyl 
C 3 -C 8 alkenyl 
C 3 - Cg alkynyl 



wherein 
A - H, halogen 
R - Cj-C s alkyl, 
C 3 -C 8 alkenyl, 
Cj-Cg alkynyl 



- o, s 

- C,-Cg alkyl, 
C 3 -C s alkenyl, 
C 3 -C B alkynyl 



" C,-C« alkyl, 
C 3 -C 8 alkenyl, 
C 3 -C g alkynyl 



-0- 

COOR 



A - H, halogen 
R - C r C 8 alkyl, 
C 3 -C 8 alkenyl, 
C 3 -Cg alkynyl 




A - H, halogen 
R - C r Cg alkyl, 
C 3 -C g alkenyl, 
C 3 -Cg alkynyl 



- H, halogen 

- C,-C 8 alkyl, 
C 3 -Cg alkenyl, 
C 3 -C g alkynyl 
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Examples of herbicides of particular interest are 



CI O CH 3 
>— ^ l ^/N. .COOCH(CH 3 ) 2 



/ CH 3 
NHSO2CH3 

( Formula 20 ) 



wherein 

F3C^,N_^0 R = (C2-C5 alkenyloxy) Q-C 4 alkyl 

T Y 




^/COOR 

-T 



wherein 

R - Cx-Cg alkyl, 
^,COOR C 3 C 8 alkenyl, 

C 3 -C 8 alkynyl 
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as well as the following: 

pentyl [2-chloro-5- (cyclohex- 1-ene - 1 , 2 -dicarboximido) - 
4 - f luorophenoxy] acetate , 

7-f luoro-6- [(3,4,5,6, - tetrahydro) phthalimido] -4- (2- 
propynyl) -1, 4-benzoxazin-3 (2H) -one, 

6- [ (3 ,4, 5 ,6- tetrahydro) phthalimido] -4- (2-propynyl) -1, 
4-benzoxazin-3 (2H) -one, 

2- [7-f luoro-3-oxo-4- (2-propynyl) -3 , 4 -dihydro-2H-l , 4 - 
benzoxazin-6-yl] perhydroimidazo [1, 5-a] pyridine-1 , 3- 
dione, 

2- [ (4-chloro-2-fluoro-5-propargyloxy)phenyl] perhydro 
1H-1, 2, 4-triazolo- [1, 2 -a] pyridazine-1 , 3-dione, 

2- [7-f luoro-3-oxo-4- (2-propynyl) -3 , 4-dihydro-2H-l , 4- 
benzoxazin-6-yl] 5,6,7, 8-1, 2, 4-triazolo [4 , 3 -a] pyridine 
3H-one, 

2- [3-OXO-4- (2-propynyl) -3 , 4 -dihydro-2H- 1 , 4-benzoxazin 
6-yl] -l-raethyl-6-trifluoromethyl-2,4 (1H,3H) - 
pyrimidinedione , 

2- [6-f luoro-2-oxo-3- (2-propynyl) -2,3- 
dihydrobenzthiazol-5-yl] -3,4,5,6- 
tetrahydrophthalimide , 

l-amino-2- [3-oxo-4- (2-propynyl) -3 , 4-dihydro-2H-l , 4- 
benzoxazin-6-yl] -6 -tri-f luoromethy 1 - 2 , 4 (1H, 3H) - 
pyrimidinedione, and analogs of these compounds. 

The DNA fragments or their equivalents that may 
be used in the subject method of conferring PPO- 
inhibiting herbicide resistance have the following 
characteristics: (1) said DNA fragments encode a 
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protein or part of a protein having plant PPO 
activity; (2) said DNA fragments have a sequence, 
homologous with nucleic acids encoding the amino acid 
sequence specified by SEQ. ID. No.:l or SEQ . ID. No.: 
5 2 or SEQ. ID. No . : 3, that can be isolated by 

conventional DNA-DNA or DNA-RNA hybridization methods. 
Said DNA fragments encode a protein having a 
homologous amino acid sequence specified by SEQ. ID. 
No.: 1 or SEQ. ID. No.: 2 or SEQ. ID. No.: 3 with an 

10 amino acid substitution at the position corresponding 

to Vall3 of SEQ. ID. No.: 1 or SEQ. ID. No.: 2 or SEQ. 
ID. No. : 3 by, for example, methionine; and (3) said 
DNA fragments have the ability to confer resistance to 
PPO -inhibiting herbicides onto plants and plant cells. 

15 The DNA fragments that may be used in the subject 

method for conferring PPO-inhibiting herbicide 
resistance may be constructed by the artificial 
synthesis of their nucleotide sequences according to, 
for example, SEQ. ID. No. 4 or SEQ. ID. No.: 5 or SEQ. 

20 ID. No. : 6. However, they are more typically prepared 

by the following procedures: (1) isolating DNA 
fragments that encode a protein or part of a protein 
having PPO activity and conferring PPO-inhibiting 
herbicide resistance to sensitive wild type cells by 

25 known transformation methods using donor DNA from a 

mutant strain of the unicellular green alga 
Chlamydomonas reinhardtii , designated RS-3, that is 
resistant to PPO-inhibiting herbicides; (2) 
identifying the mutation found in the DNA fragments 

3 0 isolated from the said mutant as above; (3) isolating 

DNA fragments that encode a protein or part of a 
protein having PPO activity (referred to as a "PPO 
gene") by known methods including those described in 
this invention and identifying the nucleotide sequence 

3 5 domain of said PPO gene corresponding to SEQ. ID. No. : 

4 that contains the PPO-inhibiting herbicide 
resistance mutation of the RS-3 strain; (4) 
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introducing a specific base pair substitution into 
said PPO gene, which results in an amino acid 
alteration of the encoded protein equivalent to that 
found in the PPO- inhibiting herbicide resistance 
5 mutation of the RS-3 strain, by known molecular 

biology techniques such as site-directed mutagenesis. 
Alternatively, DNA fragments having domains homologous 
to nucleic acids encoding the amino acid SEQ. ID. No.: 
1 or SEQ. ID. No.: 2 or SEQ. ID. No.: 3 (for example, 

10 SEQ. ID. No.: 4 or SEQ. ID. No.: 5 or SEQ. ID. No.: 6) 

may be isolated by known DNA- DNA, DNA-RNA 
hybridization methods or known PCR methods. A base 
pair substitution which results in the same amino acid 
alteration as that found in the PPO-inhibiting 

15 herbicide resistance mutation of the RS-3 strain may 

then be introduced into the DNA fragment as described 
above. In some embodiments, the homologous DNA domain 
will have only one or two nucleotides differing from a 
sequence selected from SEQ. ID. No. : 4 or SEQ. ID. 

2 0 No. : 5 or SEQ. ID. No.: 6. In some embodiments of 

the invention, the nucleotide sequence of PPO gene is 
identical to the sequence of the PPO gene of wild-type 
C. rheinhardtii , except that one to six nucleotides in 
the portion of the sequence represented by SEQ. ID. 

25 No. : 4 are different. The differences will preferably 

encode mutations of one to three, most preferably one 
or two changes to the amino acid sequence of SEQ. ID. 
No . : 1 . 

In some embodiments of the invention, the 
30 nucleotide sequence of PPO gene is identical to the 

sequence of the PPO gene of wild- type A. thaliana, 
except that one to six nucleotides in the portion of 
the sequence represented by SEQ. ID. No. : 5 are 
different. The differences will preferably encode 
35 mutations of one to three, most preferably one or two 

changes to the amino acid sequence of SEQ. ID. No. : 2. 
In some embodiments of the invention, the 
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nucleotide sequence of PPO gene is identical to the 
sequence of the PPO gene of wild-type Zea mays, except 
that one to six nucleotides in the portion of the 
sequence represented by SEQ. ID. No.: 6 are different. 
5 The differences will preferably encode mutations of 

one to three, most preferably one or two changes to 
the amino acid sequence of SEQ. ID. No.: 3. 

The mutant strain RS-3 is stored at the 
Chlamydomonas Genetics Center (address: DCMB Group, 

10 Department of Botany, Box 91000, Duke University, 

Durham, NC 27708-1000, USA) under the entry number GB- 
2674. Thus, the mutant strain RS-3 is publicly 
available for distribution by permission. A 2.6 kb 
DNA fragment (SEQ. ID. No. : 10, (a) in Fig. 1) 

15 containing the nucleic acid SEQ. ID. No.: 4 can be 

easily prepared from a plasmid (Fig. 2) having a 13.8 
kb DNA fragment ((d) in Fig. 1) containing the 2.6 kb 
DNA fragment by digesting the plasmid with the 
restriction enzyme Xho I, isolating a 3.4 kb DNA 

20 fragment ((b) in Fig. 1) by agarose gel 

electrophoresis, digesting the 3.4 kb fragment with 
the restriction enzyme PmaCI , and separating the 
digest by agarose gel electrophoresis . As will be 
described below, a host microorganism containing the 

25 plasmid pBS-Eco 13.8 is also on deposit under the 

terms of the Budapest Treaty, and is thus freely 
available. The plasmid hosted by the microorganism 
can be readily extracted using conventional 
techniques . 

30 The nucleic acid sequences shown by the SEQ. ID. 

No. :4 or SEQ. ID. No . : 5 or SEQ. ID. No. : 6 are parts 
of a sequence of the gene encoding a PPO protein which 
is thought to be localized in chloroplasts from 
Chlamydomonas reinhardtii , Arabidopsis thaliana, and 

35 maize, respectively. These sequences represent an 

amino acid domain highly homologous among plant 
chloroplast PPO enzymes. Therefore, it is feasible to 
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obtain DNA fragments that can be modified to confer 
resistance to PPO- inhibiting herbicides and used in 
the subject method by isolating DNA fragments encoding 
a protein having PPO activity, and identifying the 
5 domain of the fragments with homology to SEQ. ID. No.: 

4 or SEQ. ID. No.: 5 or SEQ. ID. No.: 6. A specific 
base pair substitution can then be introduced, for 
example G37 to A37 of SEQ. ID. No.: 4 (GTG to ATG) , 
which results in an amino acid substitution, for 

10 example from Val to Met at the position of Vall3 of 

the amino acid SEQ . ID. No . : 1 or SEQ . ID. No . : 2 or 
SEQ. ID. No. : 3 . 

Said DNA fragments encoding a protein having PPO 
activity can be obtained, for example, by the 

15 following procedures: (1) preparing a cDNA library 

from the plant material of interest; (2) identifying 
clones which are able to supply PPO activity to a 
mutant host organism deficient in this activity. 
Suitable host organisms which can be used to screen 

2 0 the aforementioned cDNA expression libraries, and for 

which mutants deficient in PPO activity are either 
available or can be readily generated, include, but 
are not limited to, E. coli (Sasarman et al . , J . Gen . 
Microbiol . 113: 297 (1979)), Salmonella, typhimurium 
25 (Xu et al., J. Bacteriol . 174: 3953 (1992)), and 

Saccharomyces cerevisiae (Camadro et al . , Biochem. 
Biophys. Res. Comm. 106: 724 (1982)). The DNA 
fragments thus obtained may be introduced by any known 
transformation method to confer PPO- inhibiting 

3 0 herbicide resistance to the recipient plant cells when 

expressed. Said DNA fragments may be introduced into 
plant or algal cells by themselves, or in the form of 
chimeric gene constructs comprising the DNA fragment 
containing the herbicide- resistant PPO coding sequence 
35 and a promoter, especially a promoter that is active 

in plants, operably linked to the PPO coding sequence 
and/or a signal sequence operably linked to this 
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sequence, wherein said signal sequence is capable of 
targeting the protein encoded by the DNA fragment to 
the chloroplast . Alternatively, said DNA fragments or 
chimeric gene constructs can be introduced into plant 
5 cells as a part of a plasmid or other vector. 

Plant cells resistant to PPO-inhibiting 
herbicides due to the presence of the altered PPO 
coding sequence may be isolated by growing the 
population of the plant cells on media containing an 

10 amount of a PPO-inhibiting herbicide which normally 

inhibits growth of the untransf ormed plant cells. 
When said DNA fragment or chimeric gene containing the 
DNA fragment is linked to a marker selective for 
transformation, transformed cells may first be 

15 isolated by utilizing the selectable marker. The PPO- 

inhibiting herbicide-resistant cells may be then be 
isolated from the transformed cells as described 
above . 

The PPO-inhibiting herbicide-resistant cells thus 

20 obtained may be grown by known plant cell and tissue 

culture methods. PPO-inhibiting herbicide -resistant 
plants may be obtained by regenerating plants from 
plant cell and tissue cultures thus obtained, again 
using known methods . 

25 Further scope of the applicability of the present 

invention will become apparent from the examples 
provided below. It should be understood, however, 
that the following examples, while indicating 
preferred embodiments of the invention, are given by 

3 0 way of illustration only. Various changes and 

modifications of the invention will become apparent to 
those skilled in the art from this detailed 
description and such modifications should be 
considered to fall within the scope of the invention 

35 defined by the claims. 
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GENERAL METHODS 

Plant tissue including leaves and stems of a 
species of interest such as Arabidopsis thaliana, 
obtained from stock centers, such as Arabidopsis 
5 Biological Resource Center (ABRC) , 1735 Neil Avenue, 

Columbus, Ohio 43210, USA, or the Nottingham 
Arabidopsis Stock Center (NASC) , Department of Life 
Science, University of Nottingham, University Park, 
Nottingham, NG72RD, United Kingdom, or the Sendai 

10 Arabidopsis Seed Stock Center, Department of Biology, 

Miyagi College of Education, Aoba-yama, Sendai 98 0, 
Japan, is frozen in liquid nitrogen, then homogenized 
mechanically by a Waring blender or with a mortar and 
pestle. After vaporizing the liquid nitrogen, RNA can 

15 be extracted from- the homogenate . A commercially 

available kit for RNA extraction may be used in this 
procedure. Total RNA is recovered from the extract by 
the conventional ethanol precipitation method. Then, 
the poly-A RNA fraction is separated from the total 

20 RNA thus obtained by conventional methods such as a 

commercially available oligo dT column. cDNA is 
synthesized from the poly-A RNA fraction thus 
obtained, according to a standard method. A 
commercially available kit for cDNA synthesis may be 

25 used for this procedure. cDNA thus obtained is cloned 

into an expression vector, preferably a X phage vector 
such as Xgt 11, digested with an appropriate 
restriction enzyme such as Eco RI, after ligating an 
appropriate adaptor (e.g. an Eco RI adaptor) to the 

30 cDNA with T4 DNA ligase. A commercially available kit 

for preparing cDNA libraries can be used for this 
procedure as well as for in vitro packaging and 
t ransduct ion . 

After amplifying the cDNA library thus obtained, 

35 a mutant strain of E. coli (e.g. strain SASX38, 

Sasarman et al . J. Gen. Microbiol. 113: 297 (1979)) 
deleted with respect to its PPO gene (hemG locus) 
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which is described, for example, by Miyamoto et al . 
( J. Mol. Biol . 219: 393 (1991)) and Nishimura et al . , 
( Gene 133: 109 (1993)) is infected with the cDNA 
library, then plated onto appropriate agar medium 
5 plates such as LB plates and incubated for two days. 

The host cells show limited growth and form minute 
colonies on the agar plates because of the hemG- 
phenotype (lacking a PPO gene) , while transformed 
cells expressing PPO activity from the cDNA, e.g. 
10 encoding Arabidopsis PPO, show faster growth and form 

relatively larger colonies on the agar plates than 
untransf ormed cells. By isolating these larger 
colonies, E. coli host cells harboring the cDNA 
encoding a plant PPO can be obtained. 
15 Then, the vector containing the cloned DNA is 

recovered. For example, lambda phage are recovered 
from the lysed host cells which have been exposed to 
UV light . The recovered vectors are analyzed 
according to a conventional method, e.g. Watanabe & 
2 0 Sugiura, Shokubutu Biotechnology Jikken Manual, 

cloning and sequencing (Translation; Manual for Plant 
Biotechnology Experiments, cloning and seguencing ) , 
pp. 180-189, Nouson Bunka Sha (1989)), in order to 
isolate the clone possessing the longest insert as the 
positive cDNA clone. 

The insert of the cDNA clone thus isolated is 
recovered from the vector and can be subcloned into a 
commercially available plasmid vector (for example 
pUC118 or pBluescript) according to standard methods 
(e.g. Short et al . , Nucleic Acids Research 16: 7583 
(1988) ) . A series of deletions of the insert thus re- 
cloned into the plasmid vector may be prepared 
according to a standard method (e.g. Vieira & Messing, 
Methods in Enzymol . 153: 3 (1987)). These clones 
containing the insert or part of the insert are used 
for the determination of the nucleotide sequence by 
the dideoxy- chain- termination method (e.g. Sanger et 
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al., Proc. Nat. Acad Sex. U.S.A. 74: 5463 (1977)). A 
commercially available kit may be used for this 
sequencing procedure . 

The DNA fragments thus obtained, preferably part 
5 of the DNA fragment comprising the conserved domain of 

the PPO coding sequence such as SEQ. ID. Nos . : 4-6, 
can be used as probes for screening of a genomic DNA 
or cDNA library of interest, in order to isolate other 
DNA fragments encoding a protein or a part of a 

10 protein having PPO activity. Alternatively, the 

conserved domain of the PPO coding sequence such as 
SEQ. ID. Nos. : 4-6 may be amplified by known PCR 
methods e.g. ( PCR Protocols, a Guide to Methods and 
Applications , Innis et al . , eds . , c. 1990 by Academic 

15 Press, San Diego, CA) , using appropriate primers and 

the PCR product corresponding to the conserved domain 
of the PPO coding sequence can be used for screening 
of a genomic DNA or cDNA library of interest, in order 
to isolate other DNA fragments encoding the entire 

20 protein or a part of the protein having PPO activity. 

Alternatively, DNA fragments encoding a protein 
having PPO activity can also be isolated from mutant 
cells resistant to PPO- inhibiting herbicides using 
conventional genetic engineering protocols such as 

25 those described in Molecular Cloning , 2nd Edition, by 

Sambrook et al . , c. 1989 by Cold Spring Harbor 
Publications, Cold Spring Harbor, NY. For example, 
genomic DNA can be extracted from the RS-3 mutant of 
unicellular green alga Chlamydomonas reinha.rd.tii, in 

3 0 which herbicide resistance results from a mutation 

causing PPO to become herbicide-resistant, according 
to a protocol such as that described by E. H. Harris, 
The Chlamydomonas Sourcebook , pp. 610-613, c. 1989 by 
Academic Press, San Diego, CA. Namely, C. reinhardtii 

3 5 cells are lysed and the DNA is extracted by treatment 

with protease and surface active agents such as SDS or 
Sarkosyl . Genomic DNA is subsequently extracted by 
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conventional techniques involving centrif ugation and 
phenol -chloroform extraction, etc. to remove proteins, 
after which the DNA is recovered by ethanol 
precipitation. The DNA thus obtained is further 

5 purified by sodium iodide-ethidium bromide density 

gradient centrif ugation, and the lowermost, major band 
corresponding to nuclear genomic DNA is recovered. 
Nuclear genomic DNA thus obtained is partially 
digested using an appropriate restriction enzyme such 

0 as Sau3AI . Linkers or adaptors are attached to both 

ends of the DNA fragments thus obtained using T4 DNA 
ligase. If necessary, excess free linkers or adaptors 
can be removed by gel filtration, and the fragments 
can then be inserted into an appropriate commercially 

5 available cosmid vector or a phage vector derived from 

X phage. Phage particles generated by an in vitro 
packaging procedure are transfected into E. coli and 
allowed to form colonies or plaques on solid media. 
An indexed genomic DNA library can be obtained by 

0 isolating and maintaining individual E. coli clones 

harboring hybrid cosmids (e.g. Zhang et al . , Plant 
Mol . Biol . ,24: 663(1994}) or the library can be kept 
by conventional methods for isolating and maintaining 
E. coli clones or phage particles in a mixture. 

5 Genomic clones containing gene sequences carrying 

the rs-3 mutation conferring resistance to PPO- 
inhibiting herbicides can be isolated from the genomic 
DNA library by screening the library with an 
oligonucleotide probe synthesized to correspond to the 

0 deduced amino acid sequence encoded by a PPO gene. 

This probe can be labeled with a radioisotope or 
fluorescent tag and used to identify genomic DNA 
clones containing the subject DNA fragments by colony 
hybridization (Sambrook et al . , Molecular Cloning. 

5 2nd. ed., p. 1.30, c. 1989 by Cold Spring Harbor 

Publications, Cold Spring Harbor, NY) . Alternatively, 
the genomic clones containing said DNA fragments could 
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be screened by transforming a strain of Chlamydomonas 
reinhardtii sensitive to porphyric herbicides with the 
genomic DNA from the cosmid library using normal 
transformation techniques for this organism (e.g. 
5 Kindle, Proc . Natl. Acad. Sci. U.S.A . 87: 1228 (1990); 

Boynton & Gillham, Methods In Enzymol . , Recombinant 
DNA . Part H, 217: 510, Wu, ed. f c. 1993 by Academic 
Press, San Diego, CA) to isolate hybrid cosmids 
containing nuclear genomic DNA fragments capable of 

10 conferring resistance to porphyric herbicides. A 

restriction map of the hybrid cosmid clone identified 
by one of the aforementioned protocols can be 
determined using any one of several standard methods. 
Various restriction fragments are subcloned into the 

15 pBluescript vector, and subclones that conferred 

resistance to porphyric herbicides to normally 
sensitive Chlamydomonas strains are identified. In 
one example below, a 2.6 kb DNA fragment which encodes 
a part of PPO enzyme resistant to PPO- inhibiting 

20 herbicides and is capable of conferring resistance to 

PPO- inhibiting herbicides on sensitive wild type 
cells, and plasmids containing this DNA fragment are 
isolated. Using the subject DNA fragments and the 
subject plasmids as starting material, the nucleotide 

25 sequences of the DNA fragments are determined by the 

method of Maxam and Gilbert ( Proc. Natl. Acad. Sci. 
U.S.A. 74: 560 (1977)) or by the method of Sanger 
(Sanger & Coulson ( J. Mol . Biol. 94: 441 (1975); 
Sanger et al . , Proc. Natl. Acad. Sci. U.S.A . 74: 5463 

3 0 (1977) ) or improved versions of this method. 

The herbicide resistance mutation in the DNA 
fragment encoding a herbicide -resistant PPO enzyme 
thus obtained can be identified by determining the 
corresponding sequence of the sensitive wild type gene 

35 and comparing both sequences. The corresponding wild 

type gene can be isolated by several methods as 
described above. Alternatively, exon sequences of the 
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genomic DNA fragment encoding a herbicide-resistant 
PPO gene thus obtained can be determined by comparing 
its sequence with known sequences of PPO genes whose 
protein products localize to the chloroplast . For 
5 example, the Arabidopsis and maize cDNA sequences 

encoding a protein having PPO activity and a 
chloroplast -targeting signal peptide can be used as 
known sequences. The exons can then be amplified from 
wild type genomic DNA by PCR methods developed for the 

10 high G+C content nuclear DNA of Chlamydomonas 

reinhardtii as described below. The wild type 
sequences of the amplified DNA fragments corresponding 
to the exons of interest can be determined with a 
commercially available kit for sequencing, such as the 

15 ds DNA Cycle Sequencing System (GIBCO BRL , Life 

Technologies, Inc) . 

Using standard transformation methods, the DNA 
fragment isolated from the RS-3 mutant can be shown to 
confer PPO herbicide resistance to sensitive cells. 

20 The DNA fragment can also be shown to encode a protein 

or a part of a protein having PPO activity which is 
supposed to localize in the chloroplast. Furthermore, 
the DNA fragment includes nucleotides having the 
sequence of SEQ. ID. NO. : 4 within a conserved domain 

25 of the chloroplast PPO protein coding sequence and 

base G37 of SEQ. ID. NO. : 4 is substituted by A (thus 
GTG -> ATG) in the DNA fragment isolated from the RS-3 
mutant, so that Vall3 of SEQ. ID. NO.: 1 is changed to 
Met in the herbicide-resistant PPO protein. 

3 0 As described below, there are several methods for 

altering the sequence of the DNA fragment encoding a 
protein or part of a protein having PPO activity so 
that the protein becomes herbicide -resistant in a 
manner similar to the PPO protein encoded in the DNA 

35 fragments isolated from the RS-3 mutant of 

Chlamydomonas. For example, an amino acid alteration 
equivalent to that found in the herbicide-resistant 
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PPO in the RS-3 mutant may be created artificially by 
site-directed mutagenesis methods, according to the 
gapped duplex method described by Kramer & Frits 
( Methods in Enzvmol . 154: 350 (1987)) or according to 
the methods described by Kunkel ( Proc. Natl. Acad. 
Sci. U.S.A. 82: 488 (1985)) or Kunkel et al . , ( Methods 
in Enzymol . 154: 367 (1987)), with appropriate 
modifications, if needed. 

Alternatively, DNA fragments encoding herbicide- 
sensitive PPO obtained as described above may be 
mutagenized according to in vivo mutagenesis methods, 
(e.g. Miller, Experiments in Molecular Genetics , c. 
199 0 by Cold Spring Harbor Laboratory, Cold Spring 
Harbor, NY or Sherman et al . , Methods in Yeast 
Genetics . c. 1983 by Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY) . Standard in vitro 
mutagenesis methods can also be used (e.g. Shortie et 
al . , Methods in Enzymol . 100: 457 (1983); Kadonaga et 
al., Nucleic Acid Research . 13: 1733 (1985); 
Hutchinson et al . , Proc. Natl. Acad. Sci. U.S.A . 83: 
710 (1986); Shortie et al . , Proc. Natl. Acad. Sci. 
U.S.A. 79: 1588 (1982) or Shiraishi et al . , ( Gene 64: 
313 (1988) ) . The mutagenized fragment comprising the 
amino acid alteration equivalent to the RS-3 mutation 
may be isolated and examined to see whether it confers 
PPO herbicide resistance in vivo. To examine the PPO- 
inhibiting herbicide resistance of the mutagenized 
gene, herbicide- sensitive cells such as those of wild 
type Chlamydomonas reinhardtii may be transformed with 
the mutagenized PPO genes by standard methods to see 
if PPO- inhibiting herbicide resistance is conferred by 
the mutagenized PPO gene. 

The herbicide-resistant PPO gene thus obtained 
can be introduced into plant or algal cells by itself 
or in the form of a chimeric DNA construct . A 
promoter that is active in plants may be operably 
fused to the herbicide resistance PPO gene in the 
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chimeric DNA construct. Examples of promoters capable 
of functioning in plants or plant cells, i.e., those 
capable of driving expression of associated structural 
genes such as PPO in plant cells, include the 
5 cauliflower mosaic virus (CaMV) 19S or 35S promoters 

and CaMV double promoters (Mitsuhara et al . , Plant 
Cell Physiol . 37: 49 (1996), the nopaline synthase 
promoter (Fraley et al . , Proc . Natl. Acad. Sci . U.S.A. 
80: 4803 (1983)); pathogen related (PR) protein 

10 promoters (Somssich, "Plant Promoters and 

Transcription Factors", pp. 163-179 in Results and 
Problems in Cell Differentiation , Vol. 20, Nover, ed., 
c. 1994 by Springer-Verlag, Berlin, 1994); the 
promoter for the gene encoding the small subunit of 

15 ribulose bisphosphate carboxylase (ssuRUBISCO) 

(Broglie et al . , Biotechnology 1:55 (1983)), the rice 
act in promoter (McElroy et al . , Mol . Gen . Genet . 231: 
150 (1991) ) , and the maize ubiquitin promoter (EP 0 
342 926; Taylor et al . , Plant Cell Rep. 12: 491 

20 (1993) ) . Sequences encoding signal or transit 

peptides may be fused to the herbicide-resistant PPO 
coding sequence in the chimeric DNA construct to 
direct transport of the expressed PPO enzyme to the 
desired site of action. Examples of signal peptides 

25 include those linked to the plant pathogenesis- related 

proteins, e.g. PR-1, PR-2, and the like (see, e.g. 
Payne et al . , Plant Mol. Biol. 11: 89 (1988)). 
Examples of transit peptides include chloroplast 
transit peptides such as those described in Von Heijne 

30 et al., Plant Mol. Biol. Rep . 9: 104 (1991); Mazur et 

al., Plant Physiol . 85: 1110 (1987); and Vorst et al . , 
Gene 65: 59 (1988) . 

In addition, a construct may include sequences 
encoding markers selective for transformation. 

35 Examples of selectable markers include peptides 

providing herbicide, antibiotic or drug resistance, 
such as, for example, resistance to hygromycin (Gritz 
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and Davies, Gene 25: 179 (1983)), kanamycin (Mazodier 
et al., Nuc. Acid. Res. 13: 195 (1985)), G418 
(Colbere-Garapin et al . , J. Mol . Biol. 150: 1 (1981)), 
streptomycin (Shuy and Walter, J. Bacteriol . 174: 5604 
5 (1992)), spectinomycin (Tait et al . , Gene 36: 97 

(1985)), methotrexate (Andrews et al . , Gene 35: 217 
(1985)), glyphosate (Comai et al . , Science 221: 370 
(1983)), phosphinothricin (Thompson et al . , EMBO J. 6: 
2519 (1987), DeBlock et al . , EMBO J. 6: 2513 (1987)), 
10 or the like. These markers can be used to select for 

cells transformed with the chimeric DNA constructs 
from the background of untransf ormed cells. Other 
useful markers are peptide enzymes which can be easily 
detected by a visible color reaction, including 
15 luciferase (Ow et al . , Science 234 : 856 (1986)), 0- 

glucuronidase (Jefferson et al . , Proc . Natl. Acad. 
Sci . 83: 8447 (1986)), or /J-galactosidase (Kalnins et 
al., EMBO J. 2 : 593 (1983), Casadaban et al . , Methods 
Enzvmol . 100: 293 (1983)). 

2 0 The herbicide -resistant PPO gene or the chimeric 

DNA construct including the herbicide-resistant PPO 
gene may be inserted into a vector capable of being 
transformed into the host cell and being replicated. 
Examples of suitable host cells include E. coli and 
25 yeast, or the like. Examples of suitable vectors 

include plasmids such as pBHOl, pBI101.2, pBI101.3, 
pBI121 (all from Clontech, Palo Alto, CA) , pBluescript 
(Stratagene, LaJolla, CA) , pFLAG (International 
Biotechnologies, Inc., New Haven, CT) , pTrcHis 

3 0 (Invitrogen, LaJolla, CA) , or derivatives of these 

plasmids . 

Plasmid vectors thus obtained, containing the 
herbicide-resistant PPO gene or a chimeric DNA 
construct, or the inserts contained in the vectors, 
3 5 may be introduced into plant cells by an 

AgroJbacterium transfection method ( JP-Koukoku-H2- 
58917) , electroporation methods using protoplasts (JP- 
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Kokai-S60-251887 and JP-Kokai-H5-68575) , or the 
particle-gun method { JP-Kohyou-H5 - 5083 16 and JP-Kokai- 
S63-258525) . The resulting transformed plant cells 
may be isolated and cultured, according to 

5 conventional plant cell and tissue culture methods. 

Herbicide-resistant plants may be regenerated from 
cultured cells or tissue according to known methods as 
described, for example, by Uchimiya ( Shokubutu Idenshi 
Sousa Manual - Transgeneic Shokubutu no Tsukurikata , 

D translation: Plant Gene manipulation Manual - Methods 

for producing Transgenic Plants , pp. 27 - 55, 1990, 
Kohdan-sha Scientific, ISBN4-06-1535137C3045) . 

In case that said DNA fragment or the chimeric 
gene including the DNA fragment or the plasmid 

5 containing the DNA fragment contains a selectable 

marker for transformation, transformed cells may be 
isolated by utilizing the marker and cells transformed 
for PPO- inhibiting herbicide resistance may be 
isolated as described above. 

) The ability of the herbicide-resistant PPO gene 

thus prepared to confer resistance to PPO- inhibiting 
herbicides can be examined by introducing the gene 
into herbicide-sensitive cells wherein the gene is 
expressed, for example wild type Chlamydomonas 

B reinhardtii cells, by standard transformation methods. 

Alternatively, herbicide resistance may be determined 
by (1) introducing the herbicide resistant PPO gene 
into microorganisms lacking a PPO gene and (2) 
selecting transf ormants expressing PPO activity and 

3 growing better than untrans formed cells on normal agar 

medium and (3) testing the activity of PPO- inhibiting 
herbicides added to the medium on growth of the 
transf ormants and (4) comparing herbicide tolerance of 
transf ormants rescued by the herbicide-resistant PPO 

> gene with those rescued by a herbicide -sensitive PPO 

gene . 

In addition, this invention embodies methods to 
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evaluate the inhibitory effects of test compounds on 
protoporphyrinogen oxidase activity and methods to 
select among test compounds those that inhibit PPO. 
These methods utilize the aforementioned herbicide- 
5 resistant PPO gene or its derivatives produced by 

genetic engineering methods. 

A method to evaluate the inhibitory effect of a 
compound on PPO comprises (a) culturing microorganisms 
in the presence of test compounds. The cultured 

10 microorganisms are "sensitive microorganisms" and 

"resistant microorganisms". Sensitive microorganisms 
express genes encoding a protein with PPO activity 
sensitive to PPO- inhibiting herbicide derived from 
higher plants, animals, microorganisms, etc. 

15 "Sensitive microorganisms" include transf ormants which 

recover growth ability following introduction of PPO- 
inhibiting herbicide -sensitive PPO genes into mutants 
lacking PPO and non- transf ormants having PPO- 
inhibiting herbicide-sensitive PPO genes. "Resistant 

2 0 microorganisms" have genes encoding a protein with PPO 

activity resistant to PPO inhibitors. The resistant 
microorganisms are produced as transf ormants which 
recover growth ability following introduction of DNA 
fragments of this invention into mutants lacking 

25 active PPO, in the presence of test compounds (for 

example, compounds which are classified as porphyric 
herbicides) . The growth of both sensitive and 
resistant microorganisms is evaluated to determine 
inhibitory activities of the test compounds against 

30 PPO. 

A method for selecting PPO- inhibiting herbicides 
comprises culturing sensitive microorganisms and 
resistant microorganisms that differ because the 
sensitive microorganisms carry a gene encoding a 
35 protein with PPO activity sensitive to PPO inhibitors. 

The resistant microorganisms are produced as 
transf ormants which recover growth ability following 
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introduction of DNA fragments or their equivalents 
used in the method of conferring resistance of this 
invention into mutants lacking PPO. The sensitive and 
resistant microorganisms are cultured in the presence 
5 of test compounds (for example, compounds which are 

classified as porphyric herbicides) , and the compounds 
are identified which inhibit growth of only sensitive 
microorganisms at a particular dosage and permit 
growth of resistant organisms. 

10 A method for selecting herbicides that do not 

inhibit PPO comprises culturing a sensitive 
microorganism and a resistant microorganism in the 
presence of test compounds (for example, compounds 
which are classified as porphyric herbicides) , and 

15 identifying the compounds which inhibit growth of both 

sensitive and resistant microorganisms. 

Crop plants made resistant to PPO- inhibiting 
herbicides by the subject method, can be cultivated in 
the presence of PPO- inhibiting herbicides to control 

2 0 plants which are sensitive to these herbicides by 

applying effective amounts of these herbicides to 
inhibit growth of said plants. Examples of PPO- 
inhibiting herbicides to be applied are the class of 
herbicides having the general formula X-Q as described 
25 above and also the specifically named compound listed 

above . 

Using specific examples, the methods to evaluate 
the inhibitory effect of test compounds on 
protoporphyrinogen oxidase (PPO) activity are 

3 0 explained further below. 

First, a vector for expressing the introduced 
herbicide -sensitive PPO gene in E. coli under the 
regulation of the la.cZ promoter is prepared by 
inserting said gene into the multiple cloning site of 
35 a commercially available plasmid vector such as 

pUC118 . The plasmid thus prepared is introduced into, 
for example, a mutant strain of E. coli (for example, 
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strain SASX38) lacking the PPO gene (.hemG locus) . The 
E. coli cells are then plated on LB agar plates with 
ampicillin and IPTG, and cultured for about two days 
to obtain herbicide-sensitive transf ormants which form 
5 colonies. The herbicide-sensitive PPO genes may be 

obtained by cloning native herbicide -sensitive genes 
or manipulating naturally resistant PPO genes by 
genetic engineering methods to produce a herbicide - 
sensitive PPO enzyme. The herbicide-sensitive E. coli 

10 transf ormants can be used as negative controls in a 

method to evaluate the inhibitory effect of test 
compounds on protoporphyrinogen oxidase activity. Of 
course, untransf ormed native microorganisms having 
herbicide-sensitive PPO genes can also be used as 

15 negative controls for this purpose. 

Alternatively, a vector for expressing a 
herbicide-resistant PPO gene in E. coli under the 
regulation of the la.cZ promoter is prepared by 

inserting said gene into the multiple cloning site of 

20 a commercially available plasmid vector such as 

pUC118. The plasmid thus prepared is introduced into, 
for example, a mutant strain of E. coli (for example, 
strain SASX3 8) lacking an active PPO gene (hemG 
locus) . The E. coli cells are then plated on LB agar 

25 plates with ampicillin, IPTG and herbicide, and 

cultured for about two days to obtain herbicide- 
resistant transf ormants which form colonies. Said 
herbicide-resistant PPO genes may be obtained by 
cloning native herbicide-resistant genes or 

3 0 manipulating PPO genes by genetic engineering methods 

to produce a gene encoding a herbicide-resistant PPO 
enzyme. Examples of native herbicide-resistant PPO 
genes are the human PPO gene described by Nishimura et 
al. ( J. Biol. Chem . 270: 8076 (1995)) and an E. coli 

35 FPO gene described by Sasarman et al . (Can. J. 

Microbiol. 39: 1155 (1993)). The herbicide -resistant 
E. coli transf ormants can be used as positive control 
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in this method to evaluate the inhibitory effect of 
test compounds on protoporphyrinogen oxidase activity. 



Both herbicide-sensitive and resistant 
transf ormants are cultured independently on agar media 
5 such as LB agar plates containing a range of 

concentrations of test compounds (for example, 
compounds which are classified as porphyric 
herbicides) for about two days. Growth inhibition of 
both classes of transf ormants by test compounds can be 

10 measured by observing the effect of the test compounds 

on colony formation of both kinds of transf ormants on 
agar plates. Alternatively, both transf ormant types 
can be grown in liquid media containing various 
concentrations of test compounds, and their growth can 

15 be determined by measuring the turbidity of the 

culture. The inhibitory effect of test compounds on 
protoporphyrinogen oxidase activity can be evaluated 
by comparing the growth of the two kinds of 
transf ormants . PPO inhibitors are compounds which 

20 slow the growth of the sensitive transf ormants , but do 

not slow the growth of the resistant transf ormants . 

The terms "sensitive" and "resistant" in this 
disclosure, when used with respect to PPO inhibitors, 
imply both an absolute response and relative responses 

25 in terms of growth and related phenomena. Namely, in 

cases when significant differences exist in the 
inhibitory effect of test compounds on PPO activity of 
a sensitive and a resistant control (for example, a 
significant difference exists in growth of sensitive 

3 0 and resistant microorganisms that were independently 

grown in the presence of the test compounds) , it is 
possible to examine resistance and sensitivity of 
enzymes encoded by PPO genes to PPO inhibitors by 
applying appropriate concentrations ot the PPO 

35 inhibitors in the assay method of the invention. 

Alternatively, the inhibitory effect of PPO inhibitors 
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on PPO activity can be examined using two or more 
microorganisms carrying PPO genes which encode PPO 
enzymes different in their sensitivity to PPO 
inhibitors . 

Further scope of the applicability of the present 
invention will become apparent from the examples 
provided below. It should be understood, however, 
that the following examples, while indicating 
preferred embodiments of the invention, are given by 
way of illustration only. Various changes and 
modifications of the invention will become apparent to 
those skilled in the art from this detailed 
description and such modifications should be 
considered to fall within the scope of the invention 
defined by the claims. 



Example 1 

Constr uction of an Arabidopsis thallana cDNA library 

Wild type Arabidopsis thaliana ecotype Columbia 
laboratory strain (which can be obtained from the 
Sendai Arabidopsis Seed Stock Center (Department of 
Biology, Miyagi College of Education, Aoba-yama, 
Sendai 980, Japan) is grown from seed and green leaves 
are collected after 20 days of cultivation in a 
greenhouse. Five grams of collected green leaves are 
frozen in 10 ml of liquid nitrogen and then ground 
with a mortar and pestle into fine powder. After 
vaporizing the liquid nitrogen, RNA is extracted using 
a commercially available kit for RNA extraction 
(Extract -A- PLANT™ RNA ISOLATION KIT, Clontech) to 
recover total RNA (about 1 mg) from the extract by the 
ethanol precipitation method. Then, a commercially 
available Oligo dT column (5'-> 3') is used to 
separate about 50 /zg of the poly-A+ RNA fraction from 
the total RNA thus obtained. cDNA can be synthesized 
from said poly-A+ RNA fraction using commercially 
available cDNA synthesizing kit (cDNA Synthesis System 
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Plus, Amersham) . After ligating EcoRI adapters to the 
cDNA thus obtained using commercially available T4 
ligase (Takara Shuzo Co., Ltd.), Xgtll (Stratagene) 
digested with Eco RI and a commercially available in 
5 vitro packaging kit (GIGA PACK II Gold, Stratagene) 

can be used to prepare a cDNA expression library in a 
X phage vector. 



Example 2 

Screening for cDNA clones encoding protoporphyrinogen 
10 oxidase 

The amplified Arabidopsis thaliana cDNA library 
obtained in Example 1 or commercially available maize 
cDNA library is used to transform a mutant strain of 
E. coli lacking a PPO gene {hemG locus) such as strain 

15 SASX38 which is described by Sasarman et al . ( J. Gen. 

Microbiol . 113: 297 (1979)) and the cells are spread 
onto LB agar medium plates and incubated for two days . 
On agar plates, the host cells show limited growth and 
form minute colonies because of their hemG- phenotype 

20 (lacking the PPO gene) . Colonies with restored PPO 

function are relatively larger due to complementation 
with a PPO cDNA and are easily isolated. From such 
SASX38 transf ormants , phage are harvested and the 
clone possessing the longest cDNA insert is selected 

25 as a PPO positive cDNA clone according to the method 

described by Watanabe and Sugiura ( Shokubutsu 
Biotechnology Jikken Manual. Cloning and Sequencing , 
Translation: Manual for Plant Biotechnology 
Experiments, Cloning and Sequencin g, pp. 180-189, 

30 Nouson Bunka Sha (ISBN4-931205-05 C3045) (1989)). 



Example 3 

Re- cloning of cDNA encoding protoporphyrinogen oxidase 
into a plasmid vector and determination of nucleotide 
sequence 

3 5 The positive cDNA clone obtained in Example 2 is 
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re-cloned into a plasmid vector pUC118 (Takara Shuzo 
Co., Ltd.) according to standard methods as described 
by Short et al . , ( Nucleic Acids Research 16: 7583 
(1988) ) . The plasmid is then cleaved by EcoRI (Takara 
5 Shuzo Co., Ltd.) and the molecular size of the PPO 

cDNA is determined by agarose gel electrophoresis. 

A series of deletions of the insert thus re- 
cloned into said plasmid vector may then be prepared 
according to standard methods as described by Vieira 

10 and Messing ( Methods in Enzvmol . 153: 3 (1987)). 

These deletions are used for the determination of the 
nucleotide sequence of the cDNA insert by the dideoxy- 
chain-termination method as described by Sanger et 
al., ( Proc. Natl. Acad. Sci . U.S.A. 74: 5463 (1977)) 

15 using Sequenase version 2 kit (U.S. Biochemical 

Corp.). Alternatively, several sequencing primers are 
synthesized to determine entire sequence of the 
insert . 



Example 4 

2 0 Construction of Chlamvdomonas reinhardtii 

genomic DNA library 

The porphyric herbicide-resistant mutant strain 
(RS-3) of the unicellular alga Chlamydomonas 
reinhardtii (Chlamydomonas Genetics Center, strain GB- 
25 2674) was cultured mixotrophically under 200 (iM m' 2 s" 1 

PAR cool white fluorescent light with shaking for 5 
days in TAP liquid medium at 25° C. TAP medium was 
composed of 7 mM NH 4 C1, 0.4 mM MgS0 4 / 0 . 34 mM CaCl 2 , 25 
mM potassium phosphate, 0 . 5 mM Tris (pH 7.0) ,1 ml/1 

3 0 Hutner trace elements, 1 ml/1 glacial acetic acid 

(described in Harris, E. H. , The Chlamvdomonas 
Sourcebook . pp. 576-577, c. 1989 by Academic Press, 
San Diego) and also contained 0.03 fiM of compound A. 
A six liter culture of cells in early stationary 
35 growth phase (7.6 X 10 6 cells/ml) was harvested. Cells 
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were collected by centrif ugation (8,000xg, 10 min 
4°C) , resuspended in 5 0 ml of TEN buffer composed of 
10 mM Tris-HCl, 10 mM EDTA, 150 mM NaCl , pH 8.0, 
recentrif uged, and resuspended again in 50 ml of TEN 
5 buffer. The cells were lysed by the addition of 5 ml 

of 2 0% (w/v) SDS, 5 ml of 2 0% Sarkosyl , and 4 mis of a 
protease solution (composed of 5 g of protease 
(Boehringer Mannheim No. 165921) , 10 ml of 1M Tris-HCl 
(pH 7.5) and 0.11 g of CaCl 2 in a total volume of 100 
10 ml of deionized distilled water) . This cell lysate was 

mixed by slowly rotating it in a bottle with teflon 
vanes for 24 hr at 4°C. Sixty ml of phenol -CIA 
(phenol pre-saturated with TEN buffer and mixed well 
with an equal volume of a chloroform: isoamylalcohol , 
15 24:1, v/v) were subsequently added, and the contents 

were rotated in the same bottle at room temperature 
for 1 hr. 

The aqueous and phenol phases were then separated 
by centrif ugation (15,000xg, 2 0 min, room 

20 temperature) , the aqueous (upper) phase was recovered 

and gently but thoroughly mixed with 2 volumes of 95% 
(v/v) ethanol, and the DNA precipitated by placing the 
contents at -20°C overnight. The resulting 
precipitate was recovered by centrif ugation (l,50 0xg, 

25 20 min, 4°C) and washed once with ice-cold 70% (v/v) 

ethanol . Excess ethanol was removed and the DNA 
precipitate was dried under nitrogen flow for 5 min at 
room temperature . 

The dried precipitate was subsequently dissolved 

30 in 60 ml of lOmM Tris (pH 7.5), and the following were 

added under dim light: 8 ml of 10 -fold concentrated 
TEN buffer, 0.4 ml of ethidium bromide solution (10 
mg/ml) , 9.8 ml of 10 mM Tris-HCl (pH 7.5), and 120 ml 
of a saturated sodium iodide (Nal) solution in TEN 

35 buffer. The contents were mixed by gently inverting 

the container and 25 ml were dispensed into each of 8 
ultracentrif uge tubes. These were centrif uged in a 
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centrifugation in a tabletop centrifuge (10,000 rpm, 
10 min) , washed in 70% (v/v) ethanol and 
recentrifuged. The precipitate was then resuspended 
in 20 fil TE buffer (composed of 10 mM Tris-HCl, 0.1 mM 
Na 2 EDTA) , and the DNA was dephosphorylated by the 
addition of 70 fil of deionized distilled water, 10 fil 
of 10 -fold concentrated CIAP buffer (composed of 0 . 5M 
Tris-HCl (pH 8.5), 1 mM EDTA) and 1 unit of CIAP (Calf 
Intestinal Alkaline Phosphatase) . The total volume of 
100 fil was incubated for 60 min at 37°C and the 
reaction halted by the addition of 3 fil 0.5 M EDTA (pH 
8.0) and heat -treatment for 10 min at 68° C. The DNA 
was subjected to phenol and chloroform extractions and 
precipitated by the addition of ethanol containing 
ammonium acetate as described above . 

The precipitate was washed with 70% (v/v) ethanol 
and the recovered DNA redissolved in TE buffer to a 
final concentration of 0.5 fig/ml. Subsequently the 
commercially available cosmid vector SuperCos-1 
(Stratagene Inc.) was prepared following the protocol 
outlined in the SuperCos-1 instruction manual provided 
by the manufacturer. The vector was digested with the 
restriction enzyme Xbal, dephosphorylated with CIAP, 
redigested with the restriction enzyme BamHI , 
recovered by ethanol precipitation, and redissolved in 
TE buffer to a final concentration of 1 fig /ml. 
Prepared genomic DNA fragments (2.5 fig) were ligated 
to 1 fig of the prepared SuperCos-1 vector in 2 0 fil of 
reaction buffer (composed of 1 mM ATP, 50 mM Tris-HCl 
(pH7.5), 7 mM MgCl 2/ - 1 mM dithiothreitol) by the 
addition of 2 units of T4 DNA ligase and incubation at 
4°C overnight. The hybrid cosmids thus generated (0.5 
fig) were then packaged into lambda phage particles 
capable of infecting E. coli by the use of an in vitro 
phage packaging kit (Gigapack II XL, Stratagene Inc.) 
following the protocol outlined in the instruction 
manual provided. 
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Lambda phage particles harboring these hybrid 
cosmids were then transfected into E. coli strain 
NM554 (Stratagene, Inc.) by the procedure described 
below, and these B. coli cells were allowed to form 
5 colonies on plates of LB medium (10 g/L NaCl , 10 g/L 

Bacto-tryptone, 5 g/L yeast extract, pH 7.5, 1.5% 
(w/v) agar) containing 50 /xg/ml ampicillin. The 
transfection protocol is as follows: (1) a single 
colony of the E. coli strain NM554 was inoculated into 

10 50 ml of medium (5g/L NaCl, lOg/L Bacto-tryptone, pH 

7.4, 0.2% (w/v) maltose, lOmM MgS0 4 ) and cultured by 
shaking vigorously overnight at 37°C, (2) cells were 
collected by centrif ugation (4,000 rpm, 10 min, 4°C) 
and resuspended in 10 mM MgS0 4 to an OD^ of 0.5, (3) 

15 25 fil of this bacterial suspension was mixed with 25 

j«l of a l/20th dilution of the phage particle solution 
harboring hybrid cosmids prepared as described above . 
The phage were allowed to infect E. coli by letting 
the mixture stand at room temperature for 3 0 min. LB 

2 0 medium (2 00 fil ; 10 g/L NaCl, 10 g/L Tryptone, 5 g/L 

yeast extract) was subsequently added and the 
suspension was incubated at 3 7°C for 1 hr to allow for 
the expression of ampicillin resistance. The 
suspension was then plated onto plates of LB medium 
25 containing 50 ftg/ml ampicillin and colonies formed 

following incubation at 37°C overnight. The 
transformation efficiency of the ampicillin marker was 
1.7 ± 0.1 X 10 5 trans formants//ig DNA. The E. coli 
colonies containing hybrid cosmids thus obtained were 

3 0 individually picked with sterile toothpicks and 

transferred into microtiter plate wells (Falcon, 24- 
well plates) . Each well contained 0.5 ml of LB medium 
with 50 ng/ml ampicillin and the plates were incubated 
without shaking at 37° C for 24 hr . Ten thousand and 
35 eighty individual clones were thereby isolated in 420 

microtiter plates. Then 187.5 fil of medium were 
removed from each well and combined in pools of 8 
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clones each (1.5 ml total) into 1,260 microtubes . The 
bacteria in each microtube were pelleted by 
centrifugation (10,000 rpm, 5 min, room temperature) 
and subjected to DNA extraction. The bacteria 
remaining in the microtiter plates were frozen at -70° 
C following the addition of an equal volume of 3 0% 
(w/v) glycerol. These plates were subsequently stored 
at -2 0° C. 



Example 5 

10 Screening of a genomic DNA library from Ch 1 amvdomn nas 

reinha.rd.tii bv transformation for isolation of the 
PPO- inhibiting herbicide resistance gene 

The various experimental methods used to screen 
the genomic DNA'Tibrary are described below (methods 
15 A, B, C) . 



A. DNA extraction. 

Extraction of cosmid DNA from E. coli harboring the 
genomic DNA library generated as described in Example 
4, as well as extraction of the plasmid pARG7 . 8 

(Debuchy et al . , EMBO J. 8: 2803, (1989)) utilized as 
a transformation control, was performed by standard 
extraction methods (for example Sambrook, et al . , 
Molecular Cloning . 2nd edition, pp. 1.38 - 1.39, c. 
198 9 by Cold Spring Harbor Press, Cold Spring Harbor, 
NY) . A description of the specific protocol follows. 

The bacterial pellet in each microtube was 
thoroughly suspended in 100 (il of Solution I (composed 
of 50 mM glucose, 25 mM Tris-HCl (pH 8.0), 10 mM 
EDTA) , to which 200 fil of Solution II (composed of 0.2 
N NaOH, 1% (w/v) SDS) were added. Each microtube was 
capped, the contents gently mixed by inverting the 
tube 5-6 times and the tube was cooled by placing it 
on ice. One hundred and fifty fil of ice-cold Solution 
III (composed of 60 ml of 5M potassium acetate (pH 
4.8), 11.5 ml of glacial acetic acid, and 28.5 ml of 
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deionized, distilled water) were subsequently added, 
the contents were mixed well and the tubes cooled on 
ice for 5 min. The tubes were then centrifuged in a 
tabletop centrifuge (10,000 rpm, 2 min, 4°C) and the 

5 supernatant recovered. An equal volume of 

phenol : chloroform (1:1, pH 7.5) was added to the 
recovered supernatant, the contents were thoroughly- 
mixed by vortexing and the tubes were again 
centrifuged in a tabletop centrifuge (10,000 rpm, 2 

3 min, 4°C) and the supernatant recovered. After 

reextraction with chloroform, 900 fil of ethanol were 
added to the supernatant and mixed. The DNA was 
precipitated by cooling the tubes on ice and the 
precipitates were recovered by centrif ugation in a 

3 tabletop centrifuge (12,000xg, 2 min, 4°C). The 

precipitate was washed in 70% (w/v) ethanol and 
recovered again by centrif ugation (12,000xg, 2 min, 
4°C) . Excess ethanol was removed by opening the 
microtube cap and allowing the ethanol to evaporate at 

} room temperature for 10 min. The precipitates thus 

recovered were redissolved in 50 fil of TE buffer 
(composed of 10 mM Tris-HCl (pH 7.5), 0.1 * Na 2 EDTA) 
to solubilize the DNA. 

B. Transformation by the glass bead method. 

5 The glass bead transformation protocol, when 

employed, followed that described by Kindle ( Proc . 
Natl. Acad. Sci. U.S.A. 87: 1228 (1990)). The actual 
protocol employed is presented below. 

First, the unicellular green alga Chlamydomonas 

) reinhardtii strain CC-425 (arginine auxotroph arg-2, 

cell wall deficient cw-15) was cultured 
mixotrophically for 2 days to a cell density of 1 - 2 
x 10 6 cells/ml in TAP liquid medium (composed of 7 mM 
NH 4 C1, 0.4 mM MgS0 4 , 0 . 34 mM CaCl 2 , 2 5 mM potassium 

I phosphate, 0 . 5 mM Tris (pH 7.0), 1 ml/1 Hutner trace 

elements, 1 ml/1 glacial acetic acid (described in 
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Harris, The Chlamvdomonas Sourcebook , c. 1989 by 
Academic Press, San Diego, CA) + 50 jug/ml arginine . 
Cells were collected by centrif ligation of the culture 
(8,000 x g, 10 min, 20°C) and resuspended in a small 
5 volume of TAP to give a final density of 2.8 x 10 8 

cells/ml. 

In a small sterile test tube containing 0.3 g of 
sterile glass beads (0.45 - 0.52 mm diameter), 0.3 ml 
of this cell suspension, 0.5 - 1.0 fig of plasmid or 1 

10 - 2 fig of library DNA, 0.1 ml of 20% (w/v) 

polyethyleneglycol (PEG) were added, mixed gently, 
then vortexed at high speed for 15 sec using a vortex 
mixer. The tube was allowed to sit for 2 min and then 
vortexed for another 15 sec in the same manner. 

15 The cell suspension was then plated, 0.2 ml per 

plate, onto 2 plates of: a) TAP medium + 1.5% (w/v) 
agar when using the arginine auxotroph as a 
transformation marker, or b) TAP medium + 0.1 fiM 
compound A + 50 fig/ml arginine + 1.5% (w/v) agar when 

2 0 using resistance to porphyric herbicides as a 

transformation marker and allowed to form colonies 
under 100 fiU m" 2 s" 1 light. 



C. Transformation by the particle gun method. 

The particle gun transformation protocol, when 

25 employed, followed that described by Boynton, J. E. & 

Gillham, N. W. ( Methods in Enzymol . : Recombinant DNA , 
Part H, 217:510 (1993) and Randolph-Anderson, B. et 
al., Bio-Rad US /EG Bulletin 2015 . pp. 1-4, Bio-Rad 
Laboratories, 19 96) . The actual protocol employed is 

3 0 presented below. 

First, the unicellular green alga Chlamydomonas 
reinhardtii strain CC-48 (arginine auxotroph arg-2) 
was cultured mixotrophically for 2 days in TAP liquid 
medium (7 mM NH 4 C1, 0.4 mM MgS0 4 , 0 . 34 mM CaCl 2 , 25 mM 

3 5 potassium phosphate, 0 . 5 mM Tris (pH 7.0), 1 ml/L 

Hutner trace elements, 1 ml/L glacial acetic acid; 
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described in Harris, The Chlamydomonas Sourcebook , 
Academic Press, San Diego, c. 1989) + 50 /xg/ml 
arginine to a cell density of 1.5 - 3 X 10 6 cells/ml. 
Cells were collected by centrif ugation of the culture 
5 (8,000 x g, 10 min, 20°C) and resuspended in a small 

volume of HS medium (composed of 5 00 mg/L NH 4 C1 , 2 0 
mg/L MgS0 4 -7H 2 0, 10 mg/L CaCl 2 -2H 2 0, 1,44 0 mg/L K 2 HP0 4 , 
72 0 mg/L KH 2 P0 4 , 1 ml/L Hutner trace elements 
(described in Harris, The Chlamydomonas Sourcebook , c. 

10 1989 by Academic Press, San Diego, CA) to a cell 

density of 1.14 x 10 8 cells /ml. One ml aliquots of 
this cell suspension were added to small test tubes 
already containing 1 ml of HS medium + 0.2% agar 
(Difco Bacto Agar) prewarmed to 42 °C. After gentle 

15 mixing, 0 . 7 ml aliquots of the suspension were 

immediately spread uniformly onto two plates of HSHA 
agar medium (composed of 500 mg/L NH 4 C1 , 2 0 mg/L, 
MgS0 4 -7H 2 0, 10 mg/L CaCl 2 -2H 2 0, 1,44 0 mg/L K 2 HP0 4 , 72 0 
mg/L KH 2 P0 4 , 2.4 g/L anhydrous sodium acetate, and 1 

2 0 ml/L Hutner trace elements (described in Harris, The 

Chlamydomonas Sourcebook , c. 1989 by Academic Press, 
San Diego, CA) also containing 50 fig/fil ampicillin and 
the cells were affixed to the surface of the plates by 
drying them in the dark. 

2 5 Next 60 mg of gold particles (0.6^m diameter) and 

1 ml of ethanol were added to a microtube and vortexed 
at the highest speed for 2 minutes using a vortex 
mixer. The gold particles were subsequently recovered 
by centrif ugation (10,000 rpm, 1 min., room 

3 0 temperature) and this washing procedure was repeated 3 

times. The recovered gold particles were subsequently 
resuspended in 1 ml of sterile distilled water. The 
particles were again recovered by the same 
centrif ugation procedure, and this washing procedure 
35 was repeated twice. Finally the gold particles were 

resuspended in 1 ml of sterile distilled water. Fifty 
pi of this particle suspension were added to a 
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the library DNA (a mixture of DNAs extracted from 4 8 
clones) using the glass bead method (see above for 
details) . Half of the cells in each transformation 
experiment (3.0 X 10 7 cells) were used to determine the 
transformation frequency as indicated by the arginine 
auxotroph phenotype . The remaining half (3.0 X 10 7 
cells) were examined for acquired resistance to 
porphyric herbicides. This experiment was repeated 
198 times, and in total, 9,504 individual clones of 
the library were screened. In total, 7,04 6 arginine 
prototrophs were obtained from 5.8 X 10 9 cells 
screened. Assuming all these arginine prototroph 
colonies are true transf ormants , the transformation 
frequency averaged 1.2 X 10" 6 . Additionally, one clone 
was obtained that exhibited resistance to porphyric 
herbicides (i.e. that grew in the presence of compound 
A) . This colony was also able to grow normally on 
medium lacking arginine, and exhibited a loss of 
motility when cultured in liquid medium. 

The DNA pool of 48 clones containing the cosmid 
which had given rise to the colony exhibiting 
resistance to porphyric herbicide (cosmid clones 29 53 
- 3000) is referred to as Cos2953 - Cos3000. 



2. Secondary screening. 

2 5 The recipient strain of the unicellular green 

alga Chlamydomonas reinhardtii CC-48 (arginine 
auxotroph arg-2) was then transformed with the DNAs 
shown in Table 1 by the particle gun method (see above 
for details) . Transformations with the DNA pool 

30 containing the 24 clones Cos2953 - Cos2976 and the 

larger DNA pool Cos2953 - Cos3000 both gave rise to 
colonies resistant to compound A as shown in Table 1, 
whereas no resistant transf ormants were obtained with 
the other two Cos pools and pARG 7.8. This indicates 

35 that the gene for resistance to porphyrin-accumulating 

type herbicides must be contained within the Cos2 953 - 
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Cos2976 pool. 



Ho. of colonies 
exhibiting 
arginine 
prototrophy 
(per 10 8 cells) 



No . of colonies 
exhibiting 
resistance to 
compound A 
{per 10 8 cells) 



No DNA 






0 


0 


pARG 7.8 






165 


0 


pARG 7.8 


COS2953 - 


- Cos3000 


46 


4 


pARG 7.8 


COS2953 ■ 


- COS2976 


67 


20 


pARG 7.8 


COS2977 - 


- Cos3000 


40 


0 


pARG 7.8 


COS5833 - 


- Cos5856 


29 


0 


pARG 7.8 


COS1033 - 


- Cosl056 


34 


0 



3. Tertiary screening. 

The recipient unicellular green alga 
Chlamydomonas reinhardtii strain CC-4 8 (arginine 
auxotroph arg-2) was then transformed with hybrid 
cosmid DNA prepared as described from the respective 
clones which make up the DNA pool Cos2953 - Cos2976 by 
the particle gun method (see above for details) . Only 
transformation with the hybrid cosmid contained within 
clone Cos2955 gave rise to colonies resistant to 
compound A (28 colonies/1.6 X 10 8 cells transformed) . 

In order to confirm this result, purified hybrid 
cosmid DNA from Cos2955 was prepared using both a 
plasmid purification minicolumn method (Quiagen Inc.) 
and the cesium chloride density gradient 
centrifugation method (for example, Sambrook et al . , 
Molecular Cloning . 2nd edition, pp. 1.42 - 1.45, c. 
1989 by Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor NY) . The transformation experiments 
were theu repeated using the same protocol described 
above. The results showed that transformation with 
Cos2955 DNA reproducibly gives rise to numerous 
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colonies {frequency, ca . 1 x 10" 6 ) exhibiting 
resistance to compound A, indicating that a porphyric 
herbicide resistance gene must be contained within 
this hybrid cosmid DNA. 



5 Example 6 

Isolation of the PPO gene from a DNA library by- 
hybridization 

A DNA fragment comprising the nucleotide sequence 
of SEQ. ID. No. : 4 or parts of it can be used as a 

10 probe for isolating PPO genes from Chlamydomonas or 

plant DNA libraries according to the hybridization 
method described by Sambrook et al . , Molecular 
Cloning , 2nd edition, pp. 1.90 - 1.110, c. 1989 by 
Cold Spring Harbor Laboratory Press, Cold Spring 

15 Harbor, NY. 

A nitrocellulose filter is placed on a 150 mm 
plate containing LB-ampicillin (50 /xg/ml) medium, and 
E.coli XL-Blue MR cells (Stratagene) transfected with 
cosmid pools of the Chlamydomonas genomic DNA library 

20 are spread on the nitrocellulose filters (master 

filters) , and incubated at 37°C overnight to produce 
~5 X 10 5 colonies per plate. Each master filter is 
replicated and the replicas are used for hybridization 
with PPO gene probes. The replica filters are placed 

25 sequentially for five min each on Whatman 3MM paper 

soaked in denaturing solution (0.5 M NaOH , 1.5 M 
NaCl) to lyse the bacterial cells, in neutralizing 
solution (0.5 M Tris-HCl (pH7.4)), and in 2X SSC at 
room temperature, air dried on 3MM paper for 3 0 min 

3 0 and then baked at 80 °C under vacuum for two hours to 

bind the DNA to the nitrocellulose. The filters are 
then incubated at 42 °C for about one hour in 
hybridization buffer (2X PIPES buffer, 50% deionized 
formamide, 0.5% (w/v) SDS, 500 jug/ml denatured 

35 sonicated salmon sperm DNA) , followed by hybridization 
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in the 13.8 kb and smaller fragments. PstI and PmaCI 
sites were examined in the 3.4 kb and the 2.6 kb 
fragments. Five PstI sites and one PmaCI site were 
located in the 3.4 kb fragment. The Cos2955 DNA 

5 insert contains sites for the following restriction 

enzymes (in order and with the distances (kB) between 
sites given in parentheses) : Hindlll, (0.8) , Sail, 
(0.2), BamHI, (2.8), Hindlll, (5.1), Xhol , (0.9), 
Sail, (0.2), Sail, (0.1), BamHI, (0.5), PstI, (0.1), 

) PstI, (0.4), PstI, (0.1), PstI (0.3), PmaCI, (0.2), 

PstI, (0.6), Xhol, (1.4), EcoRI, (3.1), Clal, (8.2), 
BamHI, (6.6), BamHI (3.1), BamHI, (4.4), and Clal. 
The total molecular size (nucleic acid length) of the 
DNA fragment inserted in Cos2955 and is approximately 

i 40.4 kb. 



2. Subclonlng and sequencing of the 2.6 kb Xho/PmaCI 
DNA fragment. 

Cos2 955 DNA and the commercially-available 
plasmid pBluescript- II KS+ (pBS, Stratagene, Inc.) DNA 

20 were digested with individual restriction enzymes or 

appropriate combinations of two restriction enzymes, 
extracted with phenol/chloroform and the fragments 
were recovered by ethanol precipitation. The pBS 
vector was dephosphorylated by treatment with CIAP if 

25 necessary, and the pBS vector and the digested Cosmid 

2955 DNA fragments were ligated using T4 DNA ligase. 
The hybrid plasmids thus obtained were introduced into 
cells of E. coli strain XLl-Blue by electroporation 
(12.5 kV/cm, 4.5 ms) and spread onto LB agar plates 

30 (composed of lOg/L NaCl, 10 g/L Tryptone, 5 g/L yeast 

extract, 1.5% (w/v) agar and also containing 1 mM IPTG 
and 50 fig/ml ampicillin) upon which 2% (w/v) X-gal had 
been spread. From these plates, white colonies, i.e., 
those clones that had taken up the pBS vector and were 

35 thus ampicillin-resistant , and which had a DNA 

fragment derived from Cos2955 DNA inserted into the 
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cloning site in the La.cZ gene of the pBS vector, were 
isolated. The isolated colonies were cultured in the 
presence of ampicillin, and plasmid DNA was 
subsequently isolated from those colonies by the 
5 alkaline lysis method (Sambrook et al . , Molecular 

Cloning, 2nd edition, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor NY, pp. 1.38 - 1.39 (1989). 
The isolated plasmids were re-digested with the 
restriction enzyme (s) used for cloning to release the 

10 inserts, and the sizes of the fragments obtained were 

again estimated by 0.8% (w/v) agarose gel (75V, 5 hr) 
electrophoresis. When an insert of the desired size 
was obtained, it was subjected to further restriction 
analysis in order to confirm that the correct DNA 

15 fragment had been cloned. The DNA fragments thus 

cloned are shown in Figure 1. Ecol3.8 DNA contains 
sites for the following restriction enzymes (in order 
and with the distances (kB) between sites given in 
parentheses; this same notation will be used 

20 throughout): Kpnl, (<0.1), Hindlll, (0.8), Sail, 

(0.2), BamHI, (2.8), Hindlll, (5.1), Xhol , (0.9), 
Sail, (0.2), Sail, (0.1), BamHI, (0.5), PstI, (0.1), 
PstI, (0.4), PstI, (0.1), PstI, (0.3), PmaCI, (0.2), 
PstI, (0.6), Xhol, (1.4), and EcoRI . The total 

25 molecular size (nucleic acid length) of the Ecol3.8 

DNA fragment is approximately 13.8 kb. HindlO.O DNA 
contains sites for the following restriction enzymes 
(in order and with the distances (kB) between sites 
given in parentheses): Kpnl, (<0.1), Hindlll, (5.1), 

30 Xhol, (0.9), Sail, (0.2), Sail, (0.1), BamHI, (0.5), 

PstI, (0.1), PstI, (0.4), PstI, (0.1), PstI, (0.3), 
PmaCI, (0.2), PstI, (0.6), Xhol, (1.4), and EcoRI . 
The total molecular size (nucleic acid length) of the 
HindlO.O DNA fragment is approximately 10.0 kb. The 

35 HindlO.O fragment is a derivative of the Ecol3.8 

fragment from which has been deleted a DNA fragment of 
approximately 3.8 kb containing sites for the 
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restriction enzymes Hindlll, (0.8), Sail, (0.2), 
BamHI, (2.8), Hindlll. The HindlO.O fragment was 
obtained by digesting the Ecol3 . 8 fragment with 
Hindlll and ligating the digest. Xho3.4 DNA contains 
5 sites for the following restriction enzymes (in order 

and with the distances (kB) between sites given in 
parentheses): Xhol , (0.9), Sail, (0.2), Sail, (0.1), 
BamHI, (0.5), PstI, (0.1), PstI, (0.4), PstI, (0.1), 
PstI, (0.3), PmaCI, (0.2), PstI, (0.6), and Xhol . The 

10 total molecular size (nucleic acid length) of the 

Xho3.4 DNA fragment is approximately 3.4 kb . 
Xho/PmaC2 . 6 DNA contains sites for the following 
restriction enzymes (in order and with the distances 
(kB) between sites given in parentheses): Xhol, (0.9), 

15 Sail, (0.2), Sail, (0.1), BamHI, (0.5), PstI, (0.1), 

PstI, (0.4), PstI, (0.1), PstI, (0.3) and PmaCI. The 
plasmid containing the Xho/PmaC2 . 6 fragment was 
obtained by digesting the pBS plasmid containing the 
Xho3.4 fragment with Kpnl and PmaCI, blunting with T4 

20 DNA polymerase, self ligating and transforming E . 

coli. In this process a DNA fragment of approximately 
0.8 kb containing sites for the restriction enzymes 
Xhol, (0.6) and PstI, (0.2) was deleted. The total 
molecular size (nucleic acid length) of the 

25 Xho/PmaC2.6 DNA fragment is approximately 2.6 kb. 

In order to identify the clone containing the 
porphyric herbicide resistance mutation rs-3, the 
recipient Chlamydomonas reinhardtii strain CC-48 
(arginine auxotroph arg-2) was transformed with DNA 

30 from the pBS subclones of Cos2955 by the particle gun 

method (see above for details) . The pBS subclones of 
Cos2955 that were able to confer resistance to 
compound A contained the Ecol3.8, HindlO.O, Xho3 . 4 and 
Xho/PmaC2.6 fragments. Of these fragments, the 

35 Xho/PmaC2 . 6 fragment had the smallest size. These 

results confirmed that the Xho/PmaC2.6 fragment 
contains the porphyric herbicide resistance mutation. 
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E. coll strains containing pBS plasmids with the 
Ecol3 . 8 and Xho/PmaC2 . 6 fragments described above 
inserted have been deposited with the Chlamydomonas 
Genetics Center, c/o Dr. Elizabeth H. Harris, DCMB 
5 Group, LSRC Building, Research Drive, Box 91000, Duke 

University, Durham, North Carolina, 27708-1000 under 
the designation of P-563 and P-717, respectively. E . 
coll containing Cos2955 has also been deposited with 
the Chlamydomonas Genetics Center under the 
10 designation P-561. In addition, E. coll strain 

XLl-Blue/Ecol3 . 8 was deposited with the American Type 
Culture Collection (12301 Parklawn Drive, Rockville, 
Maryland, 20852, USA) on July 19, 1995, under the 
terms of the Budapest Treaty, and has been given the 
15 deposit designation ATCC 69870. 

The nucleotide sequence of the Xho/PmaC2.6 and 
Xho3.4 DNA fragments obtained as described above were 
determined by the Sanger enzymatic sequencing method 

(Sequenase Version 2.0 kit, USB Inc.) using a 35 S-dATP 

20 or a 32 P-dATP label (see, SEQ . ID. No. : 10 and SEQ . ID. 

No. : 19) . 

Example 8 

Isolation of spontaneous mutants of Chlamydomonas 
reinhardtii resistant to PPO- inhibiting herbicides 

The unicellular green alga Chlamydomonas 
reinhardtii strain CC-125 (wild type) was cultured 
mixotrophically for 2 days in TAP liquid medium, as 
described in Example 5, to a cell density of ca . 3 X 
10 6 cells/ml. Cells were collected by centrifugation 
of the culture (8,000 x g, 10 min, 2 0°C) and 
resuspended in a small volume of HS media (described 
in Example 5) to a cell density of 1 x 10 8 cells/ml. 
Multiple 1 ml aliquots of this cell suspension were 
added to small test tubes already containing 1 ml of 
HS media + 0.2% agar (Difco Bacto Agar) prewarmed to 
42°C. After gentle mixing, two 0 . 7 ml aliquots of the 
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sensitive and two herbicide -resistant progeny. In 
addition, tetrads from a cross of GB-2951 to RS-322, a 
porphyric herbicide-resistant isolate from a cross of 
RS-3 and CC-124, yielded no herbicide -sensitive 
5 progeny. These results indicate that GB-2951 has a 

single nuclear gene mutation to porphyric herbicide 
resistance, which has very similar characteristics to 
the mutation in RS-3 (designated as rs-3) and maps at 
or very close to the rs-3 locus. 



Example 9 

Isolation of the herbicide- sensitive PPO gene from 
wild type Chlamydomonas reinhardtxi 
A Chlamydomonas reinhardtxi genomic DNA library 
is constructed from a wild type strain CC-125 
according to the method as described in Example 4 . 
Each clone may be either preserved individually in an 
indexed library as described in Example 4, or the 
library may be preserved as a population of clones as 
described by Sambrook et al . , ( Molecular Cloning 2nd 
edition, pp. 2.3 - 2.53, c. 1989 by Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY) . 
Alternatively, mRNA from wild type strain CC-12 5 of 
Chlamydomonas reinhardtii is extracted according to 
the method described by Rochaix et al . ( Plant 
Molecular Biology, A Practical Approach , Shaw, ed., 
Chapter 10, p. 253-275 (1988)), and the cDNA library is 
constructed according to the method as described in 
Example 1. DNA fragments comprising the base sequence 
of SEQ.ID. NO.: 4, or part of it, such as a 1.2 kb DNA 
fragment obtained by digesting the Xho3 . 4 fragment 
with BamHl, can be used as probes to screen the cDNA 
library. Positive clones are detected and isolated 
according to the method as described in Example 7 . 
The nucleotide sequence of the DNA insert in the 
isolated clone is determined, and compared with the 
SEQ. ID. NO. : 4 to confirm that the clone corresponds 
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to the desired wild type gene. 



Example 10 

Analysis of the deduced amino acid sequence of the 
protein encoded by the PPO gene 

5 Based on the known sequences of cDNA from 

Arabidopsis thaliana and maize (W095/34659) (SEQ. ID. 
NO.: 11 and SEQ. ID. NO.: 13, respectively), amino acid 
sequence analysis was done on the Xho/PmaC2 . 6 genomic DNA 
from Chlamydomonas obtained in Example 7 (see SEQ. ID. 

10 NO. : 10) using the gene analysis software GENETYX (SDC 

Software Development) . The PPO enzyme proteins encoded 
by the known cDNAs derived from Arabidopsis thaliana and 
maize consist of 537 and 483 amino acid residues, as 
shown in SEQ. ID. NO.: 11 and SEQ. ID. NO.: 13, 

15 respectively. Analysis of the Xho/PmaC2 . 6 genomic 

sequence from Chlamydomonas revealed the existence of 
four exons encoding an approximately 16 0 amino acid 
sequence homologous to the PPO protein encoded by the 
cDNAs derived from Arabidopsis thaliana and maize (59% 

20 and 62% identity, respectively) . SEQ. ID. NO. : 1, SEQ . 

ID. NO. : 2 and SEQ. ID. NO. : 3 show the homologous 
primary amino acid sequence of the PPO protein domain 
encoded by part of the four Chlamydomonas reinhardtii 
exons and by the corresponding portions of the 

25 Arabidopsis thaliana and maize cDNAs . (Amino acid 

identity: Chlamydomonas reinhardtii - Arabidopsis 
thaliana, 57%; maize - Chlamydomonas reinhardtii , 60%) . 
SEQ . ID . NO . : 4 , SEQ . ID . NO . : 5 and SEQ . ID . NO . : 6 show 
the DNA sequences corresponding to protein SEQ . ID . NO . : 

30 1, SEQ. ID. NO.: 2 and SEQ. ID. NO.: 3, respectively 

(nucleotide identity: Chlamydomonas reinhardtii - 
Arabidopsis thaliana, 51%; maize - Chlamydomonas 
reinhardtii , 54%) . 
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Example 11 

Identification of the PPO- inhibiting herbicide resistance 
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mutation in the herbicide -resistant PPO gene 

Genomic DNA derived from wild type strains or 
herbicide-resistant mutants of Chlamydomonas reinha.rd.tii , 
or cloned DNA fragments derived from these genomes were 
5 used as templates to amplify exon domains deduced from 

the Arabidopsis thaliana cDNA sequence, using PCR methods 
described below that were developed for amplifying G+C 
rich nuclear DNA sequences from Chlamydomonas. The base 
sequences of the amplified fragments were determined, and 

10 the sequences were compared between the wild type strain 

and two resistant mutants. 

Genomic DNA was isolated from the RS-3 (GB-2674) and 
RS-4 (GB-2951) strains of C. reinhardtti which are 
resistant to PPO- inhibiting herbicides and from the 

15 herbicide-sensitive wild type strains (CC-407 and CC-125) 

according to a method similar to that described in 
Example 4. The following reaction mixture (100 fil) was 
prepared containing 7-deaza-2 ' -deoxyguanosine 
triphosphate (7-Deaza-dGTP) (Innis, "PCR with 7-deaza-2'- 

20 deoxyguanosine triphosphate", p. 54 in PCR Protocols , 

Guide to Methods and Applications, c. 199 0 by Academic 
Press, San Diego, CA) . Composition of the reaction 
mixture was: 200 /xM each dATP , dCTP, dTTP, Na or Li salts 
. (Promega or Boehringer) ; 150 pM 7-Deaza-dGTP, Li salt 

25 (Boehringer) ; 50 fiM dGTP, Na or Li salt (Promega or 

Boehringer); 1.5 mM magnesium acetate (Perkin-Elmer) / IX 
XL Buffer II (Perkin-Elmer) containing Tricine, potassium 
acetate, glycerol, and DMSO; 0.2 /zM of each primer; ca. 
500 ng of total genomic miniprep DNA. Synthetic 

3 0 oligonucleotides were synthesized corresponding to the 

intron regions flanking the 5' end of the first exon 
sequence and the 3 ' end of the second exon sequence in 
the Xho/PmaC2 . 6 fragment (SEQ. ID. NO.: 10) for use as 
primers: Primer 1A ( 167 CCGTC TACCA GTTT CTTG 184 ; SEQ. ID. 

3 5 NO.: 15) and primer 2B ( 865 TGGAT CGCTT TGCTC AG 849 ; SEQ . ID. 

NO. : 18) to amplify a 699 bp product containing exons 1 
and 2. Synthetic oligonucleotides were synthesized 
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corresponding to the intron regions flanking the 5' end 
of the third exon sequence in the Xho/PmaC2 . 6 fragment 
(SEQ. ID. No.: 10) and the 3' end of a fifth exon 
sequence present in the Xho3 . 4 fragment (SEQ. ID. No.: 
5 19) for use as primers: Primer 3A ( 1698 TTCCA CGTCT TCCAC 

CTG 1715 ; SEQ. ID. No.: 20) and primer 5B ( 2782 CGGCA TTTAC 
CAGCT AC 2766 ; SEQ. ID. No.: 24) to amplify a 1085 bp 
product containing exons 3 , 4 and 5 . 

Three units of rTth DNA polymerase XL (Perkin- Elmer) 

10 were added to the reaction mixtures in the thermocycler 

after the temperature reached 90 °C. PCR products were 
amplified under the following conditions: 93 °C 3 min (1 
cycle) ; 93 °C 1 min, 4 7°C 1 min, 72 °C 3 min, extended 1 
sec per cycle (35 cycles) ; 72°C 10 min (1 cycle) . The 

15 reaction products were analyzed on 0.8% agarose gels, 

purified by isopropanol precipitation and sequenced using 
the dsDNA cycle sequencing system (GIBCO-BRL) using the 
following primers, which were ended labeled using 32 P or 33 P 
gamma ATP (NEN) : Exon 1 was sequenced from the 1A / 2B 

20 PCR product using primers 1A (see above) and IB ( 506 ATACA 

ACCGC GGGAT ACGA 488 ; SEQ. ID. NO.: 16); exon 2 was 
sequenced from the 1A / 2B PCR product using primers 2A 
( 577 ACTTT GTCTG GTGCT CC 593 ; SEQ . ID. NO.: 17) and 2B (see 
above) . The DNA sequence of exon 1 of the wild type 

25 strains (CC-407 and CC-125) was obtained (SEQ. ID. NO.: 

4) . The comparable base sequences of the RS-3 (GB-2 674) 
and RS-4 (GB-2951) mutant strains were found to have an 
identical G -» A change from wild type to mutant at bp 
position 37 in SEQ. ID. NO. : 4 which corresponds to bp 

30 1108 in the Arabidopsis PROTOX gene (SEQ. ID. No.: 11). 

This results in a Val -» Met substitution at Vall3 in wild 
type C. reinha.rd.tii, which corresponds to Val3 6 5 in the 
Arabidopsis PROTOX gene (SEQ. ID. No . : 11) . Both the 
wild type and the mutant nucleotide sequences of the 

35 other exons in the Xho/PmaC2 . 6 fragment were determined 

by essentially the same method as described above. Exon 
2 was sequenced from the 1A/2B PCR product using primers 
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2A ( 577 ACTTT GTCTG GTGCT CC 593 ; SEQ. ID. No . : 17) and 2B 
(see above) ; exon 3 was sequenced from the 3A/5B PCR 

product using primers 3 A (see above) and 3B ( 1914 CTAGG 

ATCTA GCCCA TC 1898 ; SEQ. ID. No.: 21); and exon 4 was 
5 sequenced from the 3A/5B PCR product using primers 4A 

( 2122 CTGCA TGTGT AACCC CTC 2139 ; SEQ. ID. No.: 22) AND 4B 
( 2416 GACCT CTTGT TCATG CTG 2399 ; SEQ. ID. No.: 23). In each 

case the mutant and wild type sequences were found to be 

identical . 



10 Example 12 

Creation of herbicide- resistant PPO genes by site 
directed mutagenesis 

Conventional site-directed mutagenesis methods such 
as the gapped-duplex method described by Kramer et al . 

15 ( Nucleic Acids Research 12: 9441 (1984)) or Kramer and 

Frits ( Methods in Enzymol . 154: 350 (1987)) can be used 
to introduce base substitutions into the herbicide - 
sensitive plant PPO gene such that the protein produced 
by said modified gene exhibits resistance to PPO- 

20 inhibiting herbicides. Synthetic oligonucleotides are 

designed so that Vall3 (in SEQ. ID. NO. : 1) is 
substituted by Met in the exon encoding the amino acid of 
SEQ . ID . NO . : 1 in the PPO gene . 

For example, the positive clone obtained in Example 

25 2 is re-cloned into the phage vector M13 tvl9 (Takara 

Shuzo Co., Ltd.) so that the protein encoded by said 
clone can be expressed according to the method described 
by Short et al . , ( Nucleic Acids Research 16: 7583 
(1988) ) . Said phage vector is used as a template and a 

3 0 commercially available site-directed mutagenesis system 

kit (Mutan-G, Takara Shuzo Co., Ltd.) is employed. The 
5' -ends of synthetic oligonucleotides corresponding to 
parts of the SEQ. ID. NO.: -7„ (for Arabidopsis thaliana 
CDNA) , SEQ. ID. NO. : 8 (for maize cDNA) or SEQ. ID. NO.: 

35 9 (common to both) are phosphorylated with a commercially 

available kit (MEGALABEL, Takara Shuzo Co., Ltd.) and 
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then used to prime oligonucleotide synthesis on the 
complementary strand of gapped- duplex phage DNA to 
introduce said herbicide resistance mutation. DNA with 
the complementary mutant strand synthesized in vitro is 
introduced into E.coli BMH71-18 (jnutS) (Takara Shuzo Co., 
Ltd.) according to standard methods as described by 
Hanahan ( J. Mol . Biol 166: 557 (1983)), Sarabrook et al . , 
( Molecular Cloning, 2nd edition, pp. 1.74 - 1.84 and pp. 
4.37-4.38, c. 198 9 by Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY) . The phage are then 
plated for plaque formation on E. coli MV1184 (Takara 
Shuzo Co., Ltd.) . Single- stranded DNA is prepared from 
the plaques thus formed according to standard methods as 
described by Sambrook et al . , ( Molecular Cloning . 2nd 
edition, p. 4.29, c. 1989 by Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY) , and the base 
sequence of the cDNA domain is determined using a 
Sequenase version 2 kit (U.S. Biochemical Corp.) 
according to the dideoxy-chain- termination method as 
described by Sanger et al . , ( Proc. Natl. Acad.Sci. U.S.A . 
74: 5463 (1977)) . Clones are then selected which have 
the base sequence of the synthetic oligonucleotide used 
for mutagenesis. 



Example 13 

25 Evaluation of inhibitory effects of test compounds 

on PPO activity and identification of new PPO inhibitors 

The plasmid vector containing the cDNA encoding a 
herbicide-sensitive PPO enzyme obtained in Example 2 or 9 
is introduced into the mutant SASX3 8 strain of E. coli in 

3 0 which the endogenous the PPO gene (hemG locus) is deleted 

and herbicide- sensitive transf ormants are selected by the 
method in Example 2 . Similarly, a cDNA encoding a 
herbicide-resistant PPO is obtained according to the 
method in Example 12, with a base pair alteration at the 

35 position of Vall3 in SEQ. ID. NO.: 1, SEQ. ID. NO.-. 2 and 

SEQ. ID. NO. : 3 resulting in the substitution of 
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methionine for valine. Said cDNA is re-cloned in the 
plasmid vector pUC118 (Nishimura et al . , J. Biol. Chem . 
270: 8076 (1995)), and said plasmid vector is introduced 
into E. coli SASX38 to obtain herbicide-resistant 
5 transf ormants . Both sensitive and resistant 

transf ormants are separately plated on LB+ampicillin 
agar medium supplemented with compound A at a given 
concentration, and incubated for two days. Colony 
formation is then evaluated to assess the growth of the 

10 sensitive and resistant transf ormants in the presence of 

the herbicide . Growth of E. coli strains with the cDNA 
encoding a herbicide-sensitive PPO (sensitive 
transf ormants) is strongly suppressed on LB + ampicillin 
medium containing a particular concentration of Compound 

15 A compared to that in medium lacking Compound A. In 

contrast, E. coli strains with a cDNA encoding a 
herbicide-resistant PPO (resistant transf ormants) show 
the same level of growth in both of medium supplemented 
with Compound A at that concentration and medium free of 

2 0 Compound A. Therefore, the growth inhibition of said 

sensitive transf ormants relative to said resistant 
transf ormants , which differ genetically only by a base 
pair substitution in their PPO genes, is caused by the 
inhibitory effect of the compound on the PPO enzyme. 
25 Identification of new compounds with PPO inhibitory 

activity (test compounds) as well as the determination of 
the relative effectiveness of previously identified PPO 
inhibitors is accomplished by adding them to the medium 
of the aforementioned E. coli transf ormants with 

3 0 sensitive and resistant PPO genes and comparing the 

effects of these compounds on the relative growth rates 
of said sensitive and resistant transf ormants . 
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Example 14 

Construction of an expression vector containing a PPO 



gene for electroporation and particle gun transformation 



An expression vector for direct introduction of the 
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PPO gene into plants or plant tissue culture cells is 
described in this example. From plasmids pWDC-4 or pWDC- 
3 (W095/134659) containing the known maize PPO cDNAs 
(MzProtox-1 or MzProtox-2), the -1.75 kb or 2.1 kb 
5 fragment corresponding to the PPO coding sequence is 

excised using commercially available restriction enzymes 
according to conventional engineering methods as 
described by Sambrook et al . , ( Molecular Cloning , 2nd 
edition, Cold Spring Harbor Laboratory Press, Cold Spring 

10 Harbor, NY, p. 5. 3-6. 3 (1989)). According to the method 

of Example 12, the termini of the resulting fragments are 
blunt ended using T4 DNA polymerase (DNA blunting kit, 
Takara Shuzo Co., Ltd.). 

Separately, the pUC19 -derived GUS expression vector 

15 pBI221 (Clontech) Ts digested with restriction enzymes 

Smal and SacI (Takara Shuzo Co., Ltd.) to recover a 2.8 
Kbp fragment with the GUS coding sequences excised and 
having the CaMV 3 5S promoter and the NOS terminator at 
opposite ends . The termini of this fragment are also 

20 blunt ended using T4 DNA polymerase (Takara Shuzo Co., 

Ltd.) and dephosphorylated with bacterial alkaline 
phosphatase (Takara Shuzo Co., Ltd.). 

Blunt ended fragments of said cDNA and said vector 
are fused using T4 DNA ligase (DNA ligation kit: Takara 

25 Shuzo Co., Ltd.) and transformed into competent cells of 

E. coli strain HB101 (Takara Shuzo Co., Ltd.). 
Ampicillin resistant clones are selected, and plasmid 
DNAs are isolated and characterized by restriction 
analysis using standard methods. Plasmid clones in which 

30 the PPO coding sequence is inserted in correct direction 

relative to the CaMV 35S promoter and NOS terminator are 
selected as expression vectors for direct introduction of 
the PPO gene into plants and plant cells. 
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Example 15 

Construction of a PPO expression vector for 



Acrrobacte:rium-mediated transformation 
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Construction of an expression vector containing a 
PPO gene for Agrobacterium mediated transformation of 
plants or plant cells is described below. DNA fragments 
comprising PPO cDNA coding sequence can be prepared with 
5 blunted termini as described in Example 14 . The binary 

pB INI 9 -derived GUS expression vector pBI121 (Clontech) is 
digested with restriction enzymes Smal and SacI (Takara 
Shuzo Co., Ltd.) to excise the GUS coding sequence. The 
terminal CaMV3 5S promoter and NOS terminator sequences of 

10 the digested plasmid DNA are blunt ended using T4 DNA 

polymerase (DNA blunting kit: Takara Shuzo Co., Ltd.) and 
subsequently dephosphorylated with bacterial alkaline 
phosphatase. Following ligation of the blunt ended cDNA 
and vector fragments, the chimeric plasmid is introduced 

15 into competent cells of E.coli strain HB101 (Takara Shuzo 

Co., Ltd.) and clones with the recombinant plasmid are 
selected on LB medium containing 50 ^ig/ml kanamycin. 
Restriction analysis of plasmid DNA isolated from these 
clones is done using standard methods to identify those 

20 clones in which the PPO coding sequence is inserted in 

the correct orientation for expression. The selected PPO 
expression vector is then introduced into Agrobacterium 
tumefaciens strain LBA 4404 by the tri-parental mating 
method (GUS gene fusion system, Clontech) . 

25 Example 16 

Production of transgenic crop plants transformed with 
the PPO gene expression vector 

Agrobacterium tumefaciens LBA4404 into which the PPO 
gene expression vector in Example 15 has been introduced 

30 is used to infect sterile cultured leaf sections of 

tobacco or other susceptable plant tissues according to 
the method described by Uchimiya ( Shokubutsu Idenshi 
Sousa Manual , translation: Plant Genetic Engineering 
Manual . pp. 27-33, Kodansha Scientific (ISBN4-06-153513- 

35 7) (1990)) to obtain transformed tobacco plants. 

Transformed calli are selected on MS-NB medium plates 
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(Murashige & Skoog medium + 0.1 mg/1 naphthaleneacet ic 
acid + 1.0 mg/1 benzyl adenine, 0.8% agar) containing 5 0 
/zg/ml kanamycin and plantlet formation is induced by 
transfer of the resistant calli onto Murashige & Skoog 
5 medium plates containing 50 fig/ml kanamycin. Similarly, 

sterile petioles of cultured carrot seedlings are 
infected with the aforementioned Agrobacterium strain 
carrying the PPO expression vector according to the 
method described by Pawlicki et . al . ( Plant Cell, Tissue 
10 and Organ Culture 31:129 (1992)) to obtain transformed 

carrot plants after regeneration. 

Example 17 

Weed control tests involving application of PPO- 
inhibiting herbicides on mixtures of weeds and herbicide - 
resistant crop plants 

Flats with an area of 33 X 23 cm 2 and a depth of 11 
cm are filled with upland field soil. Seeds of crop 
plants with herbicide -resistant PPO genes developed 
according to methods similar to those described in 
Example 16 are planted along with those of weeds such as 
Echinochloa crus-galli , Abutilon theophrasti and Ipomoea 
hederacea, and covered with 1-2 cm soil. Compounds of 
formulae 2 0 and 22 (wherein R is an ethyl group) of an 
amount of equivalent to 100 g/ha are dissolved in 20 
volumes of a mixture of surfactant and liquid carrier, 
such as a mixture of calcium dodecylbenzenesulf onate/ 
polyoxyethylene styrylphenyl ether/xylene/cyclohexanone = 
1:2:4:8 (v/v) , and diluted with water of a volume 
equivalent to 10 L/ha, then sprayed on surface of the 
soil immediately after sowing. Test plants are grown in 
a greenhouse for 27 days after treatment to observe weed 
control activity and crop phytotoxicity of the test 
compounds . 

Seeds of the aforementioned crop plants with 
herbicide-resistant PPO genes are planted along with 
those of weeds such as Echinochloa crus-galli , Abutilon 
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theoph.ra.sti and Ipomoea hederacea, covered with soil of 1 
- 2 cm deep, and the plants grown for 18 days in the 
greenhouse. Compounds of formulae 20 and 22 (wherein R 
is an ethyl group) of an amount of equivalent to 100 g/ha 
5 are dissolved in 20 volumes of a mixture of surfactant 

and liquid carrier, such as the mixture of calcium 
dodecylbenzenesulfonate/ polyoxyethylene styrylphenyl 
ether/xylene/cyclohexanone = 1:2:4:8 (v/v) , and diluted 
with water of a volume equivalent to 10 L/ha, then 

10 sprayed onto plants from the above. Test plants are 

grown in a greenhouse for 2 0 days after treatment for 
observation of weed control activity and crop 
phytotoxicity by test compounds . 

In either method, no significant phytotoxicity is 

15 observed in the crop plants transformed with the 

herbicide-resistant PPO gene, while growth of Echinochloa 
cru.s-ga.lli, Abutilon theophrasti and Ipomoea hederacea is 
inhibited. 

Various modifications of the invention described 
20 herein will become apparent to those skilled in the art. 

Such modifications are intended to fall within the scope 
of the appended claims . 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Boynton, John E. 

Gillham, Nicholas W. 
Randolph -Anderson, Barbara L. 
Ishige, Fumiharu 
Sato, Ryo 

(ii) TITLE OF INVENTION: Methods of Conferring PPO- Inhibiting 
Herbicide Resistance to Plants by Gene Manipulation 

(iii) NUMBER OF SEQUENCES: 24 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Birch, Stewart, Kolasch & Birch, LLP 

(B) STREET: P.O. Box 747 

(C) CITY: Falls Church 

(D) STATE: Virginia 

(E) COUNTRY: USA 

(F) ZIP: 22040-3487 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US new 

(B) FILING DATE: 30-SEP-1996 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Murphy Jr. , Gerald M. 

(B) REGISTRATION NUMBER: 28,977 

(C) REFERENCE /DOCKET NUMBER: 2185-156P 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 703-205-8000 

(B) TELEFAX: 703-205-8050 



(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(iii) HYPOTHETICAL: NO 
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(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE : 

(A) ORGANISM: Chlamydomonas reinhardtii 

(B) STRAIN: CC-407 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..4 7 

(D) OTHER INFORMATION: /product= "porphyric herbicide 
resistance domain" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

Ala Ala Glu Ala Leu Gly Ser Phe Asp Tyr Pro Pro Val Gly Ala Val 
1 5 10 15 

Thr Leu Ser Tyr Pro Leu Ser Ala Val Arg Glu Glu Arg Lys Ala Ser 
20 25 30 

Asp Gly Ser Val Pro Gly Phe Gly Gin Leu His Pro Arg Thr Gin 
35 40 45 

(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Arabidopsis thaliana 

(B) STRAIN: ecotype Columbia 

(ix) FEATURE: 

(A) NAME / KEY : Peptide 

(B) LOCATION: 1 . .46 

(D) OTHER INFORMATION: /product = "porphyric herbicide 
resistance domain" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 

Ala Ala Asn Ala Leu Ser Lys Leu Tyr Tyr Pro Pro Val Ala Ala Val 
15 10 15 

Ser lie Ser Tyr Pro Lys Glu Ala He Arg Thr Glu Cys Leu He Asp 
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Gly Glu Leu Lys Gly Phe Gly Gin Leu His Pro Arg Thr Gin 
35 40 45 

(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Zea mays 

(B) STRAIN: B73 inbred 

(ix) FEATURE : 

(A) NAME / KEY : Peptide 

(B) LOCATION: 1. .46 

(D) OTHER INFORMATION: /product= "porphyric herbicide 
resistance domain" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 

Ala Ala Asp Ala Leu Ser Arg Phe Tyr Tyr Pro Pro Val Ala Ala Val 
15 10 15 

Thr Val Ser Tyr Pro Lys Glu Ala lie Arg Lys Glu Cys Leu lie Asp 
20 25 30 

Gly Glu Leu Gin Gly Phe Gly Gin Leu His Pro Arg Ser Gin 
35 40 45 

(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 141 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE : internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Chlamydomonas reinhardtli 

(B) STRAIN: CC-407 
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(ix) FEATURE: 

(A) NAME /KEY : - 

(B) LOCATION: 1 . . 141 

(D) OTHER INFORMATION: /note= "encodes porphyric herbicide 
resistance domain" 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 4 : 
GCCGCCGAGG CCCTGGGCTC CTTCGACTAC CCGCCGGTGG GCGCCGTGAC GCTGTCGTAC 
CCGCTGAGCG CCGTGCGGGA GGAGCGCAAG GCCTCGGACG GGTCCGTGCC GGGCTTCGGT 
CAGCTGCACC CGCGCACGCA G 
(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 8 . base, pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Arabidopsis thaliana 

(B) STRAIN: ecotype Columbia 

(ix) FEATURE: 

(A) NAME /KEY : - 

(B) LOCATION: 1 . . 13 8 

(D) OTHER INFORMATION: /note= "encodes porphyric herbicide 
resistance domain" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
GCTGCAAATG CACTCTCAAA ACTATATTAC CCACCAGTTG CAGCAGTATC TATCTCGTAC 
CCGAAAGAAG CAATCCGAAC AGAATGTTTG ATAGATGGTG AACTAAAGGG TTTTGGGCAA 
TTGCATCCAC GCACGCAA 
(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: not relevant 



60 

120 

138 
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(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Zea mays 

(B) STRAIN: B73 inbred 

(ix) FEATURE: 

(A) NAME /KEY : - 

(B) LOCATION: 1. . 13 8 

(D) OTHER INFORMATION: /note= "encodes porphyric herbicide 
resistance domain" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 

GCTGCAGATG CTCTATCAAG ATTCTATTAT CCACCGGTTG CTGCTGTAAC TGTTTCGTAT 60 

CCAAAGGAAG CAATTAGAAA AGAATG CTTA ATTGATGGGG AACTCCAGGG CTTTGGCCAG 120 

TTGCATCCAC GTAGTCAA 13 8 
(2) INFORMATION FOR SEQ ID NO : 7 : 

„ (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: NO 
(ix) FEATURE: 

(A) NAME /KEY : - 

(B) LOCATION: 1..36 

(C) OTHER INFORMATION: /NOTE = "oligonucleotide primer for 
Arabidopsis thaliana" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
CTATATTACC CACCAATGGC AGCAGTATCT ATCTCG 3 6 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 8 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: "oligonucleotide" 
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(iii) HYPOTHETICAL: NO 
(ix) FEATURE: 

(A) NAME /KEY : - 

(B) LOCATION: 1..38 

(C) OTHER INFORMATION: /NOTE = "oligonucleotide primer for Zea 

mays " 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 
GATTCTATTA TCCACCGATG GCTGCTGTAA CTGTTTCG 3 8 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: "oligonucleotide" 
(iii) HYPOTHETICAL: YES 

(ix) FEATURE: 

(A) NAME / KEY : - 

(B) LOCATION: 1..26 

(D) OTHER INFORMATION: /note= "oligonucleotide primer 
common to both of A. thaliana and Z. mays porphyric herbicide 
resistance domain of PPO." 

/note= "N residues can be inosine 
(I) in addition to G, A, T or C. K = G or T, Y = C or T, S = C or G, 
W = A or T 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
KAYTAYCCNC CNATGGSNGC NGTNWS 
(2) INFORMATION FOR SEQ ID NO: 10 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2573 base pairs 

(B) TYPE: nucleic acid 

( C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULAR TYPE : DNA (genomic) 
(iii) HYPOTHETICAL: NO 



26 



SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 2573 base pairs 

(B) TYPE: nucleic acid 

( C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 



(vi) ORIGINAL SOURCE: 

(A) ORGANISM : ChliHtiyduuiurictiD j. eliihctrdtii 

(B) STRAIN:RS-3 



(ix) 



FEATURE : 

(A) NAME/KEY: - 

(B) LOCATION:!. .2573 
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(C) OTHER INFORMATION: /note=" encodes protoporphyrinogen 

oxidase" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

CTCGAGAGCG TTGGAGGAAA TCCGTTTGGC ACCTGTTCCG GCTTCTTTGT GTGCACGGCC 60 

ACGTCCCCCT TTCCTGCTAC CCGCTCCCCC CCGGCTTTAC TGCCCCTTCC ACTCCTCGGC 120 

TCCATCCCGA TTCCATCCGC TCCTCCTCCC CCACCTAGAC TGT CTACCGT CTACCAGTTT 180 

CTTGGGCAAT CATTAACGTA ACCCCGCCTC CCTGCGCCTG CCCCTCCCTC CCTCTCCCCC 240 

CCGCACAGCC CGCCGCCGCC GAGGCCCTGG GCTCCTTCGA CTACCCGCCG ATGGGCGCCG 3 00 

TGACGCTGTC GTACCCGCTG AG CGCCGTGC GGGAGGAGCG CAAGGCCTCG GACGGGTCCG 360 

TGCCGGGCTT CGGTCAGCTG CACCCGCGCA CGCAGGTGGG CAAGTGCGCG CGTGTTGCGG 420 

GCGGTGTGTT GCGGAGGGGA GGGTGGTGGG GGTTGGGGGT GGGGGTGGGG GGGATTGGGG 480 

CGCTGGGTCG TATCCCGCGG TTGTATCCTC GCGCTCCCCT CATCCATTCC CCCCTTCAAC 54 0 

AACACACACG GGCGCACACG CACCCTCTTT GCGCTTACTT TGTCTGGTGC TCCTTAACAC 600 

ACTCTTCGCT TCATTTTGGT GTCTTCTAAC ACACACACTT GTCCACACAC AGGGCATCAC 660 

CACTCTGGGC ACCATCTACA GCTCCAGCCT GTTCCCCGGC CGCGCGCCCG AGGGCCACAT 720 

GCTGCTGCTC AACTACATCG GCGGCACCAC CAACCGCGGC ATCGTCAACC AGACCACCGA 780 

GCAGCTGGTG GAGCAGGTGT GTGTGTGGGG GGGTGGGGGG GGGGCAGTGG ATTTTTGGGC 84 0 

TGAGCCCCCT GAGCAAAGCG ATCCAGGGGG GGCGAAGCCC CCCAGGATTG CCCCTGTCCG 900 

TGCGTGCGTG TGTGCCTGTG TCGACAAAAA GTACCGTACT GGCACAAACC GCGAGTGCCA 960 

CGTATTATTA ATTG CAATTA CCTATTGTAG AAAAATAGAC GGCAGGGAAA ACTCGGCCGG 102 0 

AGCGAGAAGC GACCTCGTGA GTCCATGGAC ATCTTGACTT TCTTCAGTTC GCGAGTATAG 1080 

CTCTCGGCCC CTAAATATCT TACATCCATG TATCAAAACA TGTCGACGAC AAGCGTCTTG 114 0 

GGGCAAGAAT GTCGAAATTG TTTGCAACAG CCAAACCATG CGTCCCCGAG CCTTACATGT 1200 

GTCGCGGCCC GGGATCCCGC GCCCGAGCCC GGCTAGCCCT TTGCGGTGCT TGAGTGGGAT 1260 

GTGGGTGAGG TGCATTTGGG ATATCATGGA CCGTGAAGTG GCGTGGGTAA GGTGGCGTGG 1320 

CGTGGCGGGG ACAGGGCATG TCGGTGCCTC GGCACAGCGT TGGCCTAGTG GCCAGTCCCG 13 8 0 

CTGGATGGGC TTGCAAGGGT GCTGTTCATG TCGCCGGTGC CCATCGTCAC ATCCCCTTGC 144 0 

GCTACATGGG GCTCAGCCCA TTTTCCAGCT GTACAAAGCT GACACCCCTT GTTGTGTGGC 1500 

GTCTTGGACC CGTGTTGCTT CGGAGCTGGC CAGAACCCCC TGTGGGCACA CACACGCACA 156 0 
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CACACACACA 


CACACACACA 


CACACACACA 


CACACACACA 


CACACACACA 


CACACACACA 


1620 


CACACACACA 


CACACACACA 


CACACACACA 


CACACACACA 


CACATTTTCG 


TCCTGCAGCC 


1680 


CCGAACCCCG 


CCGCCCGTTC 


CACGTCTTCC 


ACCTGCCGCA 


CCCCCCCCCC 


TGCCGCACGC 


1740 


CTGCTCTCAC 


CGCCTCTCCC 


CCCACCCCAT 


CTCCCTGCAG 


GTGGACAAGG 


ACCTGCGCAA 


1800 


CATGGTCATC 


AAGCCCGACG 


CGCCCAAGCC 


CCGTGTGGTG 


GGCGTGCGCG 


TGTGGCCGCG 


1860 


CGCCATCCCG 


CAGGTGTGAG 


GGCGCAGCAG 


CCGGAGGGAT 


GGGCTAGATC 


CTAGTTTCTC 


1920 


AAAGAG CTCT 


ACAGCCCTAT 


AACCTCGACC 


TGCGACCTTC 


GACCTGATAA 


CCTGGCTGCC 


1980 


CCCTCCCAAC 


CTAGCCACCT 


CTCCCCGGAT 


TTGGGTTCAC 


TCGGTTGACT 


TGCTTTTGGG 


2040 


TTCTGGAATC 


AACTTCACCT 


GTTGTATACT 


TTGCTGCACT 


TCTCTGTACC 


ACTCTTTGCA 


2100 


TTAGGTTCGG 


TTTAGTTTGG 


GCTGCATGTG 


TAACCCCTCC 


TCCCCGCCCT 


GCCACCTGCA 


2160 


GTTCAACCTG 


GGCCACCTGG 


AGCAGCTGGA 


CAAGGCGCGC 


AAGGCGCTGG 


ACGCGGCGGG 


2220 


GCTGCAGGGC 


GTGCACCTGG 


GGGGCAACTA 


CGTCAGCGGT 


GAGCGCGTGG 


GCAGCAGCAG 


2280 


CAGCAGGAAG 


AGGGGAGGGG 


AGGGGAGGGG 


AGGGTACAAG 


GAGGAGGTTG 


AGCAGGAGGT 


2340 


GGTG CTAAGG 


CGCAAAGCAA 


GGCGGTGTTG 


TATCCTCATT 


GACTGAAAC C 


GGGAAAC CCA 


2400 


GCATGAACAA 


GAGGTCAGGG 


GACTG CAAGG 


AGCGGAGGCT 


ACATGTATGA 


CTACCCCCGA 


2460 


CGCGGGCGAT 


GATTCCTTGA 


CTATTGGGAC 


CTATTTCGTT 


GGGCTCGGGC 


ACATGACCCC 


2520 


CCTGGCCCCT 


TCGCTGTATG 


GTGCCCAGCC 


GCCCAGCCGC 


CCCCCGCCCA 


CAC 


2573 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1704 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: cDNA to mRNA 
(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Arabidopsis thaliana 

(B) STRAIN: ecotype Columbia 

(A) NAME /KEY : CDS 

(B) LOCATION: 16 .. 1629 

(D) OTHER INFORMATION: /product = "protoporphyrinogen 

oxidase" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

TTCTCTGCGA TTTCC ATG GAG TTA TCT CTT CTC CGT CCG ACG ACT CAA TCG 
Met Glu Leu Ser Leu Leu Arg Pro Thr Thr Gin Ser 
15 10 

CTT CTT CCG TCG TTT TCG AAG CCC AAT CTC CGA TTA AAT GTT TAT AAG 
Leu Leu Pro Ser Phe Ser Lys Pro Asn Leu Arg Leu Asn Val Tyr Lys 
15 20 25 

CCT CTT AGA CTC CGT TGT TCA GTG GCC GGT GGA CCA ACC GTC GGA TCT 
Pro Leu Arg Leu Arg Cys Ser Val Ala Gly Gly Pro Thr Val Gly Ser 
30 35 40 

TCA AAA ATC GAA GGC GGA GGA GGC ACC ACC ATC ACG ACG GAT TGT GTG 
Ser Lys lie Glu Gly Gly Gly Gly Thr Thr lie Thr Thr Asp Cys Val 
45 50 55 60 

ATT GTC GGC GGA GGT ATT AGT GGT CTT TGC ATC GCT CAG GCG CTT GCT 
lie Val Gly Gly Gly lie Ser Gly Leu Cys lie Ala Gin Ala Leu Ala 
65 70 75 

ACT AAG CAT CCT GAT GCT GCT CCG AAT TTA ATT GTG ACC GAG GCT AAG 
Thr Lys His Pro Asp Ala Ala Pro Asn Leu lie Val Thr Glu Ala Lys 
80 85 90 

GAT CGT GTT GGA GGC AAC ATT ATC ACT CGT GAA GAG AAT GGT TTT CTC 
Asp Arg Val Gly Gly Asn lie lie Thr Arg Glu Glu Asn Gly Phe Leu 
95 100 105 

TGG GAA GAA GGT CCC AAT AGT TTT CAA CCG TCT GAT CCT ATG CTC ACT 
Trp Glu Glu Gly Pro Asn Ser Phe Gin Pro Ser Asp Pro Met Leu Thr 
110 115 120 

ATG GTG GTA GAT AGT GGT TTG AAG GAT GAT TTG GTG TTG GGA GAT CCT 
Met Val Val Asp Ser Gly Leu Lys Asp Asp Leu Val Leu Gly Asp Pro 
125 130 135 140 

ACT GCG CCA AGG TTT GTG TTG TGG AAT GGG AAA TTG AGG CCG GTT CCA 
Thr Ala Pro Arg Phe Val Leu Trp Asn Gly Lys Leu Arg Pro Val Pro 
145 150 155 

TCG AAG CTA ACA GAC TTA CCG TTC" TTT GAT TTG ATG AGT ATT GGT GGG 
Ser Lys Leu Thr Asp Leu Pro Phe Phe Asp Leu Met Ser lie Gly Gly 
160 165 170 

AAG ATT AGA GCT GGT TTT GGT GCA CTT GGC ATT CGA CCG TCA CCT CCA 
Lys lie Arg Ala Gly Phe Gly Ala Leu Gly lie Arg Pro Ser Pro Pro 
175 180 185 

GGT CGT GAA GAA TCT GTG GAG GAG TTT GTA CGG CGT AAC CTC GGT GAT 
Gly Arg Glu Glu Ser Val Glu Glu Phe Val Arg Arg Asn Leu Gly Asp 
190 195 200 

GAG GTT TTT GAG CGC CTG ATT GAA CCG TTT TGT TCA GGT GTT TAT GCT 
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Glu Val Phe Glu Arg Leu lie Glu Pro Phe Cys Ser Gly Val Tyr Ala 
205 210 215 220 

GGT GAT CCT TCA AAA CTG AGC ATG AAA GCA GCG TTT GGG AAG GTT TGG 
Gly Asp Pro Ser Lys Leu Ser Met Lys Ala Ala Phe Gly Lys Val Trp 
225 230 235 

AAA CTA GAG CAA AAT GGT GGA AGC ATA ATA GGT GGT ACT TTT AAG GCA 
Lys Leu Glu Gin Asn Gly Gly Ser lie lie Gly Gly Thr Phe Lys Ala 
240 245 250 

ATT CAG GAG AGG AAA AAC GCT CCC AAG GCA GAA CGA GAC CCG CGC CTG 
lie Gin Glu Arg Lys Asn Ala Pro Lys Ala Glu Arg Asp Pro Arg Leu 
255 260 265 

CCA AAA CCA CAG GGC CAA ACA GTT GGT TCT TTC AGG AAG GGA CTT CGA 
Pro Lys Pro Gin Gly Gin Thr Val Gly Ser Phe Arg Lys Gly Leu Arg 
270 275 280 

ATG TTG CCA GAA GCA ATA TCT GCA AGA TTA GGT AGC AAA GTT AAG TTG 
Met Leu Pro Glu Ala lie Ser Ala Arg Leu Gly Ser Lys Val Lys Leu 
285 290 295 300 

TCT TGG AAG CTC TCA GGT ATC ACT AAG CTG GAG AGC GGA GGA TAC AAC 
Ser Trp Lys Leu Ser Gly lie Thr Lys Leu Glu Ser Gly Gly Tyr Asn 
305 310 315 

TTA ACA TAT GAG ACT CCA GAT GGT TTA GTT TCC GTG CAG AGC AAA AGT 
Leu Thr Tyr Glu Thr Pro Asp Gly Leu Val Ser Val Gin Ser Lys Ser 
320 325 330 

GTT GTA ATG ACG GTG CCA TCT CAT GTT GCA AGT GGT CTC TTG CGC CCT 
Val Val Met Thr Val Pro Ser His Val Ala Ser Gly Leu Leu Arg Pro 
335 340 345 

CTT TCT GAA TCT GCT GCA AAT GCA CTC TCA AAA CTA TAT TAC CCA CCA 
Leu Ser Glu Ser Ala Ala Asn Ala Leu Ser Lys Leu Tyr Tyr Pro Pro 
350 355 360 

GTT GCA GCA GTA TCT ATC TCG TAC CCG AAA GAA GCA ATC CGA ACA GAA 
Val Ala Ala Val Ser lie Ser Tyr Pro Lys Glu Ala lie Arg Thr Glu 
365 370 375 380 

TGT TTG ATA GAT GGT GAA CTA AAG GGT TTT GGG CAA TTG CAT CCA CGC 
Cys Leu lie Asp Gly Glu Leu Lys Gly Phe Gly Gin Leu His Pro Arg 
385 390 395 

ACG CAA GGA GTT GAA ACA TTA GGA ACT ATC TAC AGC TCC TCA CTC TTT 
Thr Gin Gly Val Glu Thr Leu Gly Thr lie Tyr Ser Ser Ser Leu Phe 
400 405 410 

CCA AAT CGC GCA CCG CCC GGA AGA ATT TTG CTG TTG AAC TAC ATT GGC 
Pro Asn Arg Ala Pro Pro Gly Arg lie Leu Leu Leu Asn Tyr lie Gly 
415 420 425 

GGG TCT ACA AAC ACC GGA ATT CTG TCC AAG TCT GAA GGT GAG TTA GTG 
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Gly Ser Thr Asn Thr Gly lie Leu Ser Lys Ser Glu Gly Glu Leu Val 
430 435 440 

GAA GCA GTT GAC AGA GAT TTG AGG AAA ATG CTA ATT AAG CCT AAT TCG 1 
Glu Ala Val Asp Arg Asp Leu Arg Lys Met Leu lie Lys Pro Asn Ser 
445 450 455 460 

ACC GAT CCA CTT AAA TTA GGA GTT AGG GTA TGG CCT CAA GCC ATT CCT 1 
Thr Asp Pro Leu Lys Leu Gly Val Arg Val Trp Pro Gin Ala lie Pro 
465 470 475 

CAG TTT CTA GTT GGT CAC TTT GAT ATC CTT GAC ACG GCT AAA TCA TCT 1 
Gin Phe Leu Val Gly His Phe Asp lie Leu Asp Thr Ala Lys Ser Ser 
480 485 490 

CTA ACG TCT TCG GGC TAC GAA GGG CTA TTT TTG GGT GGC AAT TAC GTC 1 
Leu Thr Ser Ser Gly Tyr Glu Gly Leu Phe Leu Gly Gly Asn Tyr Val 
495 500 505 

GCT GGT GTA GCC TTA GGC CGG TGT GTA GAA GGC GCA TAT GAA ACC GCG 1 
Ala Gly Val Ala Leu Gly Arg Cys Val Glu Gly Ala Tyr Glu Thr Ala 
510 515 520 

ATT GAG GTC AAC AAC TTC ATG TCA CGG TAC GCT TAC AAG TAA 1 
lie Glu Val Asn Asn Phe Met Ser Arg Tyr Ala Tyr Lys * 
525 530 535 

ATGTAAAACA TTAAATCTCC CAGCTTG CGT GAGTTTTATT AAATATTTTG AGATAT CCAA 1 
AAAAAAAAAA AAAAA 1 
(2) INFORMATION FOR SEQ ID NO: 12 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 537 amino acids 

( B ) TYPE : amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: protein 
(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Arabidopsis thaliana 

(B) STRAIN: ecotype Columbia 

(ix) FEATURE: 

(A) NAME /KEY : Peptide 

(B) LOCATION: 1. .537 

(C) OTHER INFORMATION : /product= "pAOtopOiphyriiiuytJii u^tiuaae " 
(xi) SEQUENCE DESCRIPTION: SEQ. ID. NO: 12: 



Met Glu Leu Ser Leu Leu Arg Pro Thr Thr Gin Ser Leu Leu Pro Ser 
15 10 15 
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Phe Ser Lys Pro Asn Leu Arg Leu Asn Val Tyr Lys Pro Leu Arg Leu 
20 25 30 

Arg Cys Ser Val Ala Gly Gly Pro Thr Val Gly Ser Ser Lys lie Glu 
35 40 45 

Gly Gly Gly Gly Thr Thr He Thr Thr Asp Cys Val He Val Gly Gly 
50 55 60 

Gly He Ser Gly Leu Cys He Ala Gin Ala Leu Ala Thr Lys His Pro 
65 70 75 80 

Asp Ala Ala Pro Asn Leu He Val Thr Glu Ala Lys Asp Arg Val Gly 
85 90 95 

Gly Asn He He Thr Arg Glu Glu Asn Gly Phe Leu Trp Glu Glu Gly 
100 105 110 

Pro Asn Ser Phe Gin Pro Ser Asp Pro Met Leu Thr Met Val Val Asp 
115 120 125 

Ser Gly Leu Lys Asp Asp Leu Val Leu Gly Asp Pro Thr Ala Pro Arg 
130 135 140 

Phe Val Leu Trp Asn Gly Lys Leu Arg Pro Val Pro Ser Lys Leu Thr 
145 150 155 160 

A -gp Leu Pro Phe Phe Asp Leu Met Ser He Gly Gly Lys lie Arg Ala 
165 170 175 

Gly Phe Gly Ala Leu Gly He Arg Pro Ser Pro Pro Gly Arg Glu Glu 
180 185 190 

Ser Val Glu Glu Phe Val Arg Arg Asn Leu Gly Asp Glu Val Phe Glu 
195 200 205 

Arg Leu He Glu Pro Phe Cys Ser Gly Val Tyr Ala Gly Asp Pro Ser 
210 215 220 

Lys Leu Ser Met Lys Ala Ala Phe Gly Lys Val Trp Lys Leu Glu Gin 
225 230 235 240 

Asn Gly Gly Ser He He Gly Gly Thr Phe Lys Ala He Gin Glu Arg 
245 250 255 

Lys Asn Ala Pro Lys Ala Glu Arg Asp Pro Arg Leu Pro Lys Pro Gin 
260 265 270 

Gly Gin Thr Val Gly Ser Phe Arg Lys Gly Leu Arg Met Leu Pro Glu 
275 260 265 

Ala He Ser Ala Arg Leu Gly Ser Lys Val Lys Leu Ser Trp Lys Leu 
290 295 300 

Ser Gly lie Thr Lys Leu Glu Ser Gly Gly Tyr Asn Leu Thr Tyr Glu 
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Thr Pro Asp Gly Leu Val Ser Val Gin Ser Lys Ser Val Val Met Thr 
325 330 335 

Val Pro Ser His Val Ala Ser Gly Leu Leu Arg Pro Leu Ser Glu Ser 
340 345 350 

Ala Ala Asn Ala Leu Ser Lys Leu Tyr Tyr Pro Pro Val Ala Ala Val 
355 360 365 

Ser lie Ser Tyr Pro Lys Glu Ala lie Arg Thr Glu Cys Leu lie Asp 
370 375 380 

Gly Glu Leu Lys Gly Phe Gly Gin Leu His Pro Arg Thr Gin Gly Val 
385 390 395 400 

Glu Thr Leu Gly Thr lie Tyr Ser Ser Ser Leu Phe Pro Asn Arg Ala 
405 410 415 

Pro Pro Gly Arg lie Leu Leu Leu Asn Tyr lie Gly Gly Ser Thr Asn 
420 425 430 

Thr Gly lie Leu Ser Lys Ser Glu Gly Glu Leu Val Glu Ala Val Asp 
435 440 445 

Arg Asp Leu Arg Lys Met Leu lie Lys Pro Asn Ser Thr Asp Pro Leu 
450 455 460 

Lys Leu Gly Val Arg Val Trp Pro Gin Ala lie Pro Gin Phe Leu Val 
465 470 475 480 

Gly His Phe Asp lie Leu Asp Thr Ala Lys Ser Ser Leu Thr Ser Ser 
485 490 495 

Gly Tyr Glu Gly Leu Phe Leu Gly Gly Asn Tyr Val Ala Gly Val Ala 
500 505 510 

Leu Gly Arg Cys Val Glu Gly Ala Tyr Glu Thr Ala lie Glu Val Asn 
515 520 525 

Asn Phe Met Ser Arg Tyr Ala Tyr Lys * 
530 535 

(2) INFORMATION FOR SEQ ID NO: 13 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1698 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY : not relevant 

(ii) MOLECULAR TYPE: cDNA to mRNA 
(iii) HYPOTHETICAL: NO 
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(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Zea mays 

(B) STRAIN: B73 inbred 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 2.. 1453 

(C) OTHER INFORMATION: /product = "protoporphyrinogen oxidase" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 

G AAT TCG GCG GAC TGC GTC GTG GTG GGC GGA GGC ATC AGT GGC CTC 
Asn Ser Ala Asp Cys Val Val Val Gly Gly Gly lie Ser Gly Leu 
15 10 15 

TGC ACC GCG CAG GCG CTG GCC ACG CGG CAC GGC GTC GGG GAC GTG CTT 
Cys Thr Ala Gin Ala Leu Ala Thr Arg His Gly Val Gly Asp Val Leu 
20 25 30 

GTC ACG GAG GCC CGC GCC CGC CCC GGC GGC AAC ATT ACC ACC GTC GAG 
Val Thr Glu Ala Arg Ala Arg Pro Gly Gly Asn lie Thr Thr Val Glu 
35 40 45 

CGC CCC GAG GAA GGG TAC CTC TGG GAG GAG GGT CCC AAC AGC TTC CAG 
Arg Pro Glu Glu Gly Tyr Leu Trp Glu Glu Gly Pro Asn Ser Phe Gin 
50 55 60 

CCC TCC GAC CCC GTT CTC ACC ATG GCC GTG GAC AGC GGA CTG AAG GAT 
Pro Ser Asp Pro Val Leu Thr Met Ala Val Asp Ser Gly Leu Lys Asp 
65 70 75 

GAC TTG GTT TTT GGG GAC CCA AAC GCG CCG CGT TTC GTG CTG TGG GAG 
Asp Leu Val Phe Gly Asp Pro Asn Ala Pro Arg Phe Val Leu Trp Glu 
80 85 90 95 

GGG AAG CTG AGG CCC GTG CCA TCC AAG CCC GCC GAC CTC CCG TTC TTC 
Gly Lys Leu Arg Pro Val Pro Ser Lys Pro Ala Asp Leu Pro Phe Phe 
100 105 110 

GAT CTC ATG AGC ATC CCA GGG AAG CTC AGG GCC GGT CTA GGC GCG CTT 
Asp Leu Met Ser lie Pro Gly Lys Leu Arg Ala Gly Leu Gly Ala Leu 
115 120 125 

GGC ATC CGC CCG CCT CCT CCA GGC CGC GAA GAG TCA GTG GAG GAG TTC 
Gly lie Arg Pro Pro Pro Pro Gly Arg Glu Glu Ser Val Glu Glu Phe 
130 135 140 

GTG CGC CGC AAC CTC GGT GCT GAG GTC TTT GAG CGC CTC ATT GAG CCT 
Val Arg Arg Asn Leu Gly Ala Glu Val Phe Glu Arg Leu lie Glu Pro 
145 150 155 

TTC TGC TCA GGT GTC TAT GCT GGT GAT CCT TCT AAG CTC AGC ATG AAG 
Phe Cys Ser Gly Val Tyr Ala Gly Asp Pro Ser Lys Leu Ser Met Lys 
160 165 170 175 



GCT GCA TTT GGG AAG GTT TGG CGG TTG GAA GAA ACT GGA GGT AGT ATT 



574 
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Ala Ala Phe Gly Lys Val Trp Arg Leu Glu Glu Thr Gly Gly Ser lie 
180 185 190 

ATT GGT GGA ACC ATC AAG ACA ATT CAG GAG AGG AGC AAG AAT CCA AAA 
lie Gly Gly Thr lie Lys Thr lie Gin Glu Arg Ser Lys Asn Pro Lys 
195 200 205 

CCA CCG AGG GAT GCC CGC CTT CCG AAG CCA AAA GGG CAG ACA GTT GCA 
Pro Pro Arg Asp Ala Arg Leu Pro Lys Pro Lys Gly Gin Thr Val Ala 
210 215 220 

TCT TTC AGG AAG GGT CTT GCC ATG CTT CCA AAT GCC ATT ACA TCC AGC 
Ser Phe Arg Lys Gly Leu Ala Met Leu Pro Asn Ala lie Thr Ser Ser 
225 230 235 

TTG GGT AGT AAA GTC AAA CTA TCA TGG AAA CTC ACG AGC ATT ACA AAA 
Leu Gly Ser Lys Val Lys Leu Ser Trp Lys Leu Thr Ser lie Thr Lys 
240 245 250 255 

TCA GAT GAC AAG GGA TAT GTT TTG GAG TAT GAA ACG CCA GAA GGG GTT 
Ser Asp Asp Lys Gly Tyr Val Leu Glu Tyr Glu Thr Pro Glu Gly Val 
260 265 270 

GTT TCG GTG CAG GCT AAA AGT GTT ATC ATG ACT ATT CCA TCA TAT GTT 
Val Ser Val Gin Ala Lys Ser Val lie Met Thr lie Pro Ser Tyr Val 
275 280 285 

GCT AGC AAC ATT TTG CGT CCA CTT TCA AGC GAT GCT GCA GAT GCT CTA 
Ala Ser Asn lie Leu Arg Pro Leu Ser Ser Asp Ala Ala Asp Ala Leu 
290 295 300 

TCA AGA TTC TAT TAT CCA CCG GTT GCT GCT GTA ACT GTT TCG TAT CCA 
Ser Arg Phe Tyr Tyr Pro Pro Val Ala Ala Val Thr Val Ser Tyr Pro 
305 310 315 

AAG GAA GCA ATT AGA AAA GAA TGC TTA ATT GAT GGG GAA CTC CAG GGC 
Lys Glu Ala lie Arg Lys Glu Cys Leu lie Asp Gly Glu Leu Gin Gly 
320 325 330 335 

TTT GGC CAG TTG CAT CCA CGT AGT CAA GGA GTT GAG ACA TTA GGA ACA 
Phe Gly Gin Leu His Pro Arg Ser Gin Gly Val Glu Thr Leu Gly Thr 
340 345 350 

ATA TAC AGT TCC TCA CTC TTT CCA AAT CGT GCT CCT GAC GGT AGG GTG 
lie Tyr Ser Ser Ser Leu Phe Pro Asn Arg Ala Pro Asp Gly Arg Val 
355 360 365 

TTA CTT CTA AAC TAC ATA GGA GGT GCT ACA AAC ACA GGA ATT GTT TCC 
Leu Leu Leu Asn Tyr lie Gly Gly Ala Thr Asn Thr Gly lie Val Ser 
3 70 3 75 „ 380 

AAG ACT GAA AGT GAG CTG GTC GAA GCA GTT GAC CGT GAC CTC CGA AAA 
Lys Thr Glu Ser Glu Leu Val Glu Ala Val Asp Arg Asp Leu Arg Lys 
385 390 395 

ATG CTT ATA AAT TCT ACA GCA GTG GAC CCT TTA GTC CTT GGT GTT CGA 
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Met Leu lie Asn Ser Thr Ala Val Asp Pro Leu Val Leu Gly Val Arg 
400 405 410 415 

GTT TGG CCA CAA GCC ATA CCT CAG TTC CTG GTA GGA CAT CTT GAT CTT 12 94 

Val Trp Pro Gin Ala lie Pro Gin Phe Leu Val Gly His Leu Asp Leu 
420 425 430 

CTG GAA GCC GCA AAA GCT GCC CTG GAC CGA GGT GGC TAC GAT GGG CTG 1342 
Leu Glu Ala Ala Lys Ala Ala Leu Asp Arg Gly Gly Tyr Asp Gly Leu 
435 440 445 

TTC CTA GGA GGG AAC TAT GTT GCA GGA GTT GCC CTG GGC AGA TGC GTT 1390 
Phe Leu Gly Gly Asn Tyr Val Ala Gly Val Ala Leu Gly Arg Cys Val 
450 455 460 

GAG GGC GCG TAT GAA AGT GCC TCG CAA ATA TCT GAC TTC TTG ACC AAG 143 8 

Glu Gly Ala Tyr Glu Ser Ala Ser Gin lie Ser Asp Phe Leu Thr Lys 
465 470 475 

TAT GCC TAC AAG TGA TGAAAGAAGT GGAGCGCTAC TTGCCAATCG TTTATGTTGC 14 93 

Tyr Ala Tyr Lys * 

480 

ATAGATGAGG TGCCTCCGGG GAAAAAAAAG CTTGAATAGT ATTTTTTATT CTTATTTTGT 1553 
AAATTG C ATT TCTGTTCTTT TTTCTATCAG TAATTAGTTA TATTTTAGTT CTGTAGGAGA 1613 
TTGTTCTGTT CACTGCCCTT CAAAAGAAAT TTTATTTTTC ATTCTTTTAT GAGAGCTGTG 1673 
CTACTTAAAA AAAAAAAAAA AAAAA 1698 
(2) INFORMATION FOR SEQ ID NO:14 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 483 amino acids 

(B) TYPE : amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: protein 
(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Zea mays 

(B) STRAIN: B73 inbred 

(ix) FEATURE: 

(A) NAME/KEY: peptide 

(B) LOCATION: 1..483 

(C) OTHER INFORMATION: /note= "protoporphyrinogen oxidase" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 



Asn Ser Ala Asp Cys Val Val Val Gly Gly Gly lie Ser Gly Leu Cys 
15 10 15 
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Thr Ala Gin Ala Leu Ala Thr Arg His Gly Val Gly Asp Val Leu Val 
20 25 30 

Thr Glu Ala Arg Ala Arg Pro Gly Gly Asn lie Thr Thr Val Glu Arg 
35 40 45 

Pro Glu Glu Gly Tyr Leu Trp Glu Glu Gly Pro Asn Ser Phe Gin Pro 
50 55 60 

Ser Asp Pro Val Leu Thr Met Ala Val Asp Ser Gly Leu Lys Asp Asp 
65 70 75 80 

Leu Val Phe Gly Asp Pro Asn Ala Pro Arg Phe Val Leu Trp Glu Gly 
85 90 95 

Lys Leu Arg Pro Val Pro Ser Lys Pro Ala Asp Leu Pro Phe Phe Asp 
100 105 110 

Leu Met Ser lie Pro Gly Lys Leu Arg Ala Gly Leu Gly Ala Leu Gly 
115 120 125 

lie Arg Pro Pro Pro Pro Gly Arg Glu Glu Ser Val Glu Glu Phe Val 
130 135 140 

Arg Arg Asn Leu Gly Ala Glu Val Phe Glu Arg Leu lie Glu Pro Phe 
145 150 155 160 

Cys Ser Gly Val Tyr Ala Gly Asp Pro Ser Lys Leu Ser Met Lys Ala 
165 170 175 

Ala Phe Gly Lys Val Trp Arg Leu Glu Glu Thr Gly Gly Ser lie lie 
180 185 190 

Gly Gly Thr lie Lys Thr lie Gin Glu Arg Ser Lys Asn Pro Lys Pro 
195 200 205 

Pro Arg Asp Ala Arg Leu Pro Lys Pro Lys Gly Gin Thr Val Ala Ser 
210 215 220 

Phe Arg Lys Gly Leu Ala Met Leu Pro Asn Ala lie Thr Ser Ser Leu 
225 230 235 240 

Gly Ser Lys Val Lys Leu Ser Trp Lys Leu Thr Ser lie Thr Lys Ser 
245 250 255 

Asp Asp Lys Gly Tyr Val Leu Glu Tyr Glu Thr Pro Glu Gly Val Val 
260 265 270 

Ser Val Gin Ala Lys Ser Val lie Met Thr lie Pro Ser Tyr Val Ala 
275 280 285 

Ser Asn lie Leu Arg Pro Leu Ser Ser Asp Ala Ala Asp Ala Leu Ser 
290 295 300 

Arg Phe Tyr Tyr Pro Pro Val Ala Ala Val Thr Val Ser Tyr Pro Lys 
305 310 315 320 
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Glu Ala lie Arg Lys 
325 

Gly Gin Leu His Pro 
340 



Tyr Ser Ser Ser Leu 
355 

Leu Leu Asn Tyr lie 
370 

Thr Glu Ser Glu Leu 
385 

Leu lie Asn Ser Thr 
405 



Trp Pro Gin Ala lie 
420 

Glu Ala Ala Lys Ala 
435 

Leu Gly Gly Asn Tyr 
450 

Gly Ala Tyr Glu Ser 
465 

Ala Tyr Lys 
(2) INFORMATION FOR SEQ ID NO: 15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 nucleotides 

( B ) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: oligonucleotide 
(iii) HYPOTHETICAL: NO 
(iv) ANT I- SENSE: NO 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1..18 

(C) OTHER INFORMATION: /note= " oligonucleotide primer 1A for 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 15 



Glu Cys Leu lie Asp Gly 
330 

Arg Ser Gin Gly Val Glu 
345 

Phe Pro Asn Arg Ala Pro 
360 

Gly Gly Ala Thr Asn Thr 
375 

Val Glu Ala Val Asp Arg 
390 395 

Ala Val Asp Pro Leu Val 
410 

Pro Gin JPhe Leu Val Gly 
425 

Ala Leu Asp Arg Gly Gly 
440 

Val Ala Gly Val Ala Leu 
455 

Ala Ser Gin lie Ser Asp 
470 475 



Glu Leu Gin Gly Phe 
335 

Thr Leu Gly Thr lie 
350 

Asp Gly Arg Val Leu 
365 

Gly He Val Ser Lys 
380 

Asp Leu Arg Lys Met 
400 

Leu Gly Val Arg Val 
415 

His Leu Asp Leu Leu 
430 

Tyr Asp Gly Leu Phe 
445 

Gly Arg Cys Val Glu 
460 

Phe Leu Thr Lys Tyr 
480 



CCGTCTACCA GTTTCTTG 
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(2) INFORMATION FOR SEQ ID NO:16 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 nucleotides 

(B ) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: oligonucleotide 
(iii) HYPOTHETICAL: NO -: . 

(iv) ANTI -SENSE: YES 

(ix) FEATURE: 

(A) NAME /KEY: - 

(B) LOCATION: 1. .19 

(C) OTHER INFORMATION: /note= " oligonucleotide primer IB for 
Chlamydomonas reinha.rd.tii" 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 16 

ATACAACCGC GGGATACGA 

(2) INFORMATION FOR SEQ ID NO: 17 

(i) SEQUENCE CHARACTERISTICS: 
— . (A) LENGTH: 17 nucleotides 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : s ingle 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: oligonucleotide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1..17 

(C) OTHER INFORMATION: /note= " oligonucleotide primer 2A for 
Chi amydomona s reinhardti i 11 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 17 

ACTTTGTCTG GTGCTCC 

(2) INFORMATION FOR SEQ ID NO: 18 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 17 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULAR TYPE: oligonucleotide 
(iii) HYPOTHETICAL: NO 
(iv) ANT I- SENSE: YES 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1 . . 17 

(C) OTHER INFORMATION: /note= " oligonucleotide primer 2B for 
Chlamydomonas reinhardtii" 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 18 

TGGATCGCTT TGCTCAG 

(2) INFORMATION FOR SEQ ID NO:19 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3381 base pairs 

( B ) TYPE : nucleic acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULAR TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Chlamydomonas reinhardtii 

(B) STRAIN: RS-3 

(ix) FEATURE : 

(A) NAME/KEY: - 

(B) LOCATION: 1..3381 

(C) OTHER INFORMATION: /note= " encodes protoporphyrinogen 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 



CTCGAGAGCG 


TTGGAGGAAA 


TCCGTTTGGC 


ACCTGTTCCG 


GCTTCTTTGT 


GTGCACGGCC 


60 


ACGTCCCCCT 


TTCCTGCTAC 


CCGCTCCCCC 


CCGG CTTTAC 


TGCCCCTTCC 


ACTCCTCGGC 


120 


TCCATCCCGA 


TTCCATCCGC 


TCCTCCTCCC 


CCACCTAGAC 


TGTCTACCGT 


CTACCAGTTT 


180 


CTTGGGCAAT 


CATTAACGTA 


ACCCCGCCTC 


CCTGCGCCTG 


CCCCTCCCTC 


CCTCTCCCCC 


240 


CCGCACAGCC 


CGCCGCCGCC 


GAGGCCCTGG 


GCTCCTTCGA 


CTACCCGCCG 


ATGGGCGCCG 


300 


rctArnrTdTr 






nnrz anna rim 




n.^rn.nn.'vrrn 


360 


TGCCGGGCTT 


CGGTCAGCTG 


CACCCGCGCA 


CGCAGGTGGG 


CAAGTGCGCG 


CGTGTTG CGG 


420 


GCGGTGTGTT 


GCGGAGGGGA 


GGGTGGTGGG 


GGTTGGGGGT 


GGGGGTGGGG 


GGGATTGGGG 


480 
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CGCTGGGTCG 


TATCCCGCGG 


TTGTATCCTC 


GCGCTCCCCT 


CATCCATTCC 


CCCCTTCAAC 


540 


AACACACACG 


GGCGCACACG 


CACCCTCTTT 


GCGCTTACTT 


TGTCTGGTGC 


TCCTTAACAC 


600 


ACTCTTCGCT 


TCATTTTGGT 


GTCTT CTAAC 


ACACACACTT 


GTCCACACAC 


AGGGCATCAC 


660 


CACTCTGGGC 


ACCATCTACA 


GCTCCAGCCT 


GTTCCCCGGC 


CGCGCGCCCG 


AGGGCCACAT 


720 


GCTGCTGCTC 


AACTACATCG 


GCGGCACCAC 


CAACCGCGGC 


ATCGTCAACC 


AGACCACCGA 


780 


GCAGCTGGTG 


GAGCAGGTGT 


GTGTGTGGGG 


GGGTGGGGGG 


GGGGCAGTGG 


ATTTTTGGGC 


840 


TGAGCCCCCT 


GAGCAAAGCG 


ATCCAGGGGG 


GGCGAAGCCC 


CCCAGGATTG 


CCCCTGTCCG 


900 


TGCGTGCGTG 


TGTGCCTGTG 


TCGACAAAAA 


GTACCGTACT 


GGCACAAACC 


GCGAGTGCCA 


960 


CGTATTATTA 


ATTGCAATTA 


CCTATTGTAG 


AAAAATAGAC 


GGCAGGGAAA 


ACTCGGCCGG 


1020 


AGCGAGAAGC 


GACCTCGTGA 


GTCCATGGAC 


ATCTTGACTT 


TCTTCAGTTC 


GCGAGTATAG 


1080 


CTCTCGGCCC 


CTAAATATCT 


TACAT CCATG 


TATCAAAACA 


TGTCGACGAC 


AAGCGTCTTG 


1140 


GGGCAAGAAT 


GTCGAAATTG 


TTTGCAACAG 


CCAAACCATG 


CGTCCCCGAG 


CCTTACATGT 


1200 


GTCGCGGCCC 


GGGATCCCGC 


GCCCGAGCCC 


GGCTAGCCCT 


TTGCGGTGCT 


TGAGTGGGAT 


1260 


GTGGGTGAGG 


TGCATTTGGG 


ATATCATGGA 


CCGTGAAGTG 


GCGTGGGTAA 


GGTGGCGTGG 


1320 


CGTGGCGGGG 


ACAGGGCATG 


TCGGTGCCTC 


GGCACAGCGT 


TGGCCTAGTG 


GCCAGTCCCG 


1380 


CTGGATGGGC 


TTGCAAGGGT 


GCTGTTCATG 


TCGCCGGTGC 


CCATCGTCAC 


ATCCCCTTGC 


1440 


GCTACATGGG 


GCTCAGCCCA 


TTTTCCAGCT 


GTACAAAGCT 


GACACCCCTT 


GTTGTGTGGC 


1500 


GTCTTGGACC 


CGTGTTGCTT 


CGGAGCTGGC 


CAGAACCCCC 


TGTGGGCACA 


CACACGCACA 


1560 


CACACACACA 


CACACACACA 


CACACACACA 


CACACACACA 


CACACACACA 


CACACACACA 


1620 


CACACACACA 


CACACACACA 


CACACACACA 


CACACACACA 


CACATTTTCG 


TCCTGCAGCC 


1680 


CCGAACCCCG 


CCGCCCGTTC 


CACGTCTTCC 


ACCTGCCGCA 


CCCCCCCCCC 


TGCCGCACGC 


1740 


CTGCTCTCAC 


CGCCTCTCCC 


CCCACCCCAT 


CTCCCTGCAG 


GTGGACAAGG 


ACCTGCGCAA 


1800 


CATGGTCATC 


AAGCCCGACG 


CGCCCAAGCC 


CCGTGTGGTG 


GGCGTGCGCG 


TGTGGCCGCG 


1860 


CGCCATCCCG 


CAGGTGTGAG 


GGCGCAGCAG 


CCGGAGGGAT 


GGGCTAGATC 


CTAGTTTCTC 


1920 


AAAGAG CTCT 


ACAGCCCTAT 


AACCTCGACC 


TGCGACCTTC 


G AC CTGATAA 


CCTGGCTGCC 


1980 


CCCTCCCAAC 


CTAGCCACCT 


CTCCCCGGAT 


TTGGGTTCAC 








TTCTGGAATC 


AACTTCACCT 


GTTGTATACT 


TTGCTGCACT 


TCTCTGTACC 


ACTCTTTGCA 


2100 


TTAGGTTCGG 


TTTAGTTTGG 


GCTGCATGTG 


TAACCCCTCC 


TCCCCGCCCT 


GCCACCTGCA 


2160 
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GTTCAACCTG 


GGCCACCTGG 


AGCAGCTGGA 


CAAGGCGCGC 


AAGGCGCTGG 


ACGCGGCGGG 


2220 


GCTGCAGGGC 


GTGCACCTGG 


GGGGCAACTA 


CGTCAGCGGT 


GAGCGCGTGG 


GCAGCAGCAG 


2280 


CAGCAGGAAG 


AGGGGAGGGG 


AGGGGAGGGG 


AGGGTACAAG 


GAGGAGGTTG 


AGCAGGAGGT 


2340 


GGTGCTAAGG 


CGCAAAGCAA 


GGCGGTGTTG 


TATCCTCATT 


GACTGAAACC 


GGGAAACCCA 


2400 


GCATGAACAA 


GAGGTCAGGG 


GACTGCAAGG 


AGCGGAGGCT 


ACATGTATGA 


CTACCCCCGA 


2460 


CGCGGGCGAT 


GATTCCTTGA 


CTATTGGGAC 


CTATTTCGTT 


GGGCTCGGGC 


ACATGACCCC 


2520 


CCTGGCCCCT 


TCGCTGTATG 


GTGCCCAGCC 


GCCCAGCCGC 


CCCCCGCCCA 


CACGTGTGCC 


2580 


CACGCCTTTG 


CCTCATCCCC 


AACCCCCTCG 


GCCCCTCTCC 


CCCCTCGAAC 


CCCTGCAACC 


2640 


AGGTGTGGCC 


CTGGGCAAGG 


TGGTGGAGCA 


CGGCTACGAG 


TCCGCAGCCA 


ACCTGGCCAA 


2700 


GAGCGTGTCC 


AAGGCCGCAG 


TCAAGGCCTA 


AGCGGCTGCA 


GCAGTAGCAG 


CAG CAG CAT C 


2760 


GGGCTGTAGC 


TGGTAAATGC 


CGCAGTGGCA 


CCGGCAGCAG 


CAATTGGCAA 


GCACTTGGGG 


2820 


CAAGCGGAGT 


GGAGGCGAGG 


GGGGGGCTAC 


CATTGGCGCT 


TGCTGGGATG 


TGTAGTAACA 


2880 


GTTGGAATGG 


ATCGGGGATG 


TGGAGCTAGG 


GGTTCGGGGG 


TCTGCCAAGG 


ACATAGGTGG 


2940 


TGCTGGGATG 


AGCGATGTGG 


TTGGTAAAGC 


TCTGTCGGCA 


CCGTTATGTG 


CGGGTTAACT 


3000 


GCACTATGAC 


GCTCCGTTGT 


ACAGCCCCGT 


TGTGCATTGT 


TTGCATGAAG 


TTTTGGCGAG 


3060 


AGTGAGTTGG 


CGCACACGCG 


GGGCGGTTTG 


GGGGCACTGT 


CCCTCAGTGT 


GGTCCCAGCA 


3120 


TAGCACAGGA 


GAGACACAGA 


ACTGAGTGAC 


ATAGACTAGG 


T CT CGAAGTA 


C CTTCAAAAG 


3180 


GGGGCTATAA 


ATTG CGAATA 


CCCGGAGCAG 


GGGGCCAGAC 


CCAAGGCATT 


GACTGTCAGT 


3240 


GCACAAGCGA 


AAGACCAATT 


GCATGGGTTG 


CTTCCGTGGT 


GGGAAGAGGA 


GGGCAGGGGA 


3300 


GCATCGTCAG 


GTGTATGTTG 


CGGCTTCGCC 


CATAAGTGCC 


ATGGTTTCGA 


AGATG CTTAA 


3360 


GACTAACAAT 


GCCAACTCGA 


G 








3381 


(2) INFORMATION FOR SEQ ID NO: 20 











(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 nucleotides 

( B ) TYPE : nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 



(iii) HYPOTHETICAL: NO 
(iv) ANTI- SENSE: NO 
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(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1 . . 18 

(C) OTHER INFORMATION: /note= " oligonucleotide primer 3A for 
Chlamydomonas reinhardtii" 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 20 

TTCCACGTCT TCCACCTG 

(2) INFORMATION FOR SEQ ID NO:21 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 17 nucleotides 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: oligonucleotide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: YES 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1 . . 17 

( C ) OTHER INFORMATION: /note= " oligonucleotide primer 3B for 
Chi amydomonas reinhard ti i " 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 21 

CTAGGATCTA GCCCATC 

(2) INFORMATION FOR SEQ ID NO: 22 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 nucleotides 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: oligonucleotide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 

(ix) FEATURE: 

(A) NAME/KEY: - 

(C) OTHER INFORMATION: /note= " oligonucleotide primer 4A for 
Chlamydomonas reinhardtii" 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 22 
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CTGCATGTGT AACCCCTC 
(2) INFORMATION FOR SEQ ID NO: 23 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 nucleotides 

( B ) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULAR TYPE: oligonucleotide 
(iii) HYPOTHETICAL: NO 
(iv) ANT I -SENSE: YES 

(ix) FEATURE: 

(A) NAME /KEY : - 

(B) LOCATION: 1..18 

(C) OTHER INFORMATION: /note= " oligonucleotide primer 4B for 
Chlamydomona.s reinhardtii" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23 

GACCTCTTGT TCATGCTG 

(2) INFORMATION FOR SEQ ID NO : 24 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 nucleotides 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: oligonucleotide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI- SENSE: YES 

( ix) FEATURE : 

(A) NAME/KEY: - 

(B) LOCATION: 1 . . 17 

(C) OTHER INFORMATION: /note= " oligonucleotide primer 5B for 
Chlamydomonas reinhardtii" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24 



CGG CATTTAC CAGCTAC 
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What is claimed is; 

1. A method of conferring resistance to 
protoporphyrinogen oxidase -inhibiting herbicides upon 
plants or plant "cells , comprising introducing a DNA 
5 fragment, or biologically functional equivalent 

thereof, or a plasmid containing the DNA fragment or 
its biological equivalent, into plants or plant cells, 
wherein said DNA fragment or said biologically 
functional equivalent is expressed and has the 
10 following characteristics: 

(1) said DNA fragment encodes a protein or a 
part of the protein having protoporphyrinogen activity 
in plants; 

(2) said DNA fragment is homologous to a nucleic 
15 acid encoding an amino acid sequence selected from the 

group consisting of SEQ. ID. NO. : 1, SEQ. ID. NO. : 2 
or SEQ . ID. NO. : 3, and encodes a protein or part of a 
protein in which an amino acid corresponding to Vall3 
of SEQ. ID. No.: 1 or SEQ. ID. No.: 2 or SEQ. ID. No.: 
20 3 is substituted by another amino acid; that can be 

detected and isolated by DNA- DNA or DNA-RNA 
hybridization methods; and 

(3) said DNA fragment has an ability to confer 
resistance to protoporphyrinogen oxidase-inhibiting 

2 5 herbicides in plant or algal cells when expressed 

therein . 
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2. The method according to claim l, wherein the 
DNA fragment or biologically functional equivalent 
thereof, or a plasmid containing the DNA fragment 
encodes a protein or a part of the protein having 

5 protoporphyrinogen oxidase activity in a dicot . 

3. The method according to claim 2, wherein the 
dicot is Arabidopsis thaliana, and the DNA fragment 
encodes a protein in which Vall3 of SEQ. ID. NO. : 2 is 
substituted with another amino acid. 

10 4. The method according to claim 1, wherein the 

DNA fragment encodes a protein or a part of the 
protein having protoporphyrinogen oxidase activity in 
a monocot . 

5. The method according to claim 4, wherein the 
15 DNA fragment encodes a protein or a part of the 

protein having protoporphyrinogen oxidase activity in 
maize, and the DNA fragment encodes a protein in which 
Vall3 of SEQ. ID. NO. : 3 is replaced by another amino 
acid. 

20 6. The method according to claim 1, wherein the 

DNA fragment encodes a protein or a part of the 
protein having protoporphyrinogen oxidase activity in 
Chlamydomonas , and the DNA fragment encodes a protein 
in which Vall3 of SEQ. ID. NO. : 1 is replaced by 

25 another amino acid. 

7. The method according to any one of claims 1 
to 6, wherein Vall3 or the corresponding amino acid is 
replaced by methionine. 



8. The method^ according to any one of claims 1 to 
6, wherein the plant or plant cells upon which 
resistance is conferred is the green alga 
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9. The method of conferring resistance to 

p rot ©porphyrinogen - inhibiting herbicides according to 
claim 8, wherein Vall3 or the corresponding amino acid 
is replaced by methionine. 

10. A plant or plant cells or green alga upon 
which resistance is conferred by the method described 
in any one of claims 1 to 9 . 

11. A method of selecting plant or algal cells 
upon which resistance to protoporphyrinogen- inhibiting 
herbicides is conferred, which comprises treating a 
populat ion of plant or algal cells, upon which 
resistance to protoporphyrinogen- inhibiting herbicides 
is conferred by the method as described in any one of 
claims 1 to 9, with a protoporphyrinogen-inhibiting 
herbicide in an amount which normally blocks growth of 
said plant or algal cells expressing only herbicide - 
sensitive protoporphyrinogen oxidase. 

12. A method of controlling plants lacking 
resistance to protoporphyrinogen-inhibiting herbicides 
in cultivated fields of crop plants upon which 
resistance to protoporphyrinogen-inhibiting herbicides 
is conferred by the method as described in any one of 
claims 1 to 9 which comprises applying to said field 
at least one protoporphyrinogen-inhibiting herbicide 
in effective amounts to inhibit growth of said plants 
lacking resistance to protoporphyrinogen-inhibiting 
herbicides . 

13. The method of controlling non-resistant 
plants according to claim 12, wherein the 
protoporphyrinogen-inhibiting herbicides to be applied 
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are selected from the group of compounds of the 
formula X - Q, wherein Q is selected from the group 
consisting of : 




( Formula 1 ) ( Formula 2 ) ( Formula 3 ) ( Formula 4 ) 




( Formula 5 ) ( Formula 6 ) ( Formula 7 ) ( Formula 8 ) 




( Formula 9 ) 



( Formula 10 ) 
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and X is selected from the group consisting of 



wherein 

A - H, halogen 

B-O. S 

R - Cj-Cg alkyl, 
C 3 -Cg alkenyl, 
C 3 -C 8 alkynyl 



-COOR 
( Formula 12 ) 



•a* 



A - H, halogen 
B -O.S 

R' " H, CH 3 
R - C,-C 8 alkyl 
C 3 -C g alkenyl 
Cj- C 8 alkynyl 



A - H, halogen 
R - CrCg alkyl, 
C 3 -C 8 alkenyl, 
C 3 -C 8 alkynyl 



A - H, halogen 

B-O.S 

R - C,-Cg alkyl, 
C 3 -C 8 alkenyl, 
Cj-Cg alkynyl 



A - H, halogen 
R - C r Cg alkyl, 
Cj-Cg alkenyl, 
C 3 -C g alkynyl 



-0- 

COOR 



wherein 
A - H, halogen 
R = Ci-Cg alkyl. 
C 3 -C 8 alkenyl, 
C 3 -C g alkynyl 




wherein 

A - H, halogen 
R - C,-Cg alkyl, 
C 3 -Cg alkenyl, 
Cj-Cg alkynyl 



and £~\ 



A - H, halogen 
R - Ci-Cg alkyl, 
C 3 -Cg alkenyl, 
C 3 -C g alkynyl 
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14. The method of controlling non-resistant 
plants according to claim 12, wherein the 
protoporphyrinogen- inhibiting herbicide to be applied 
is selected from the group consisting of compounds of 
the formula: 




CHj 

F 3 C v .N v ^.O R = (C 2 -C 5 alkenyloxy) Q-C 4 alkyl 

T 1 

u 

CI 



F 3 C N ^.O 

Y J R = C r C 8 alkyl, 
t 1 xt O^^COOR C 3 -C 8 alkenyl, 

|| J C 3 -C 8 alkynyl 

CI 



ci- 



F CI 

/OCHF 2 



H 5 C 2 OOCCH 2 0 



CH 3 



( Formula 23 ) 
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lactof en, 

[N- (4-chloro-2-f luoro-5-propargyloxy) phenyl -3 , 4,5,6- 
t e t r ahydropht hal imide , 

pentyl [2-chloro-5- (cyclohex-l-ene-1, 2 -dicarboximido) - 
4-f luorophenoxy] acetate, 

7-fluoro-6- [(3,4,5,6, - tetrahydro) phthalimido] -4- (2- 
propynyl) -1 , 4 -benzoxazin-3 (2H) -one, 

6- [ (3 , 4 , 5 , 6 -tetrahydro) phthalimido] -4 - (2 -propynyl) -1 , 
4-benzoxazin-3 (2H) -one, 

2- [7-f luoro-3-oxo-4- (2 -propynyl) -3 , 4 -dihydro-2H- 1 , 4 - 
benzoxazin-6-yl] perhydroimidazo [1, 5 -a] pyridine- 1, 3- 
dione, 

2- [ (4 -chloro-2-f luoro-5-propargyloxy) phenyl] perhydro- 
1H-1, 2 , 4-triazolo- [1, 2 -a] pyridazine-1 , 3-dione, 

2- [7-f luoro-3-oxo-4- (2-propynyl) -3 , 4 -dihydro-2H- 1 , 4 - 
benzoxazin-6-yl] 5 , 6 , 7 , 8-1 , 2 , 4-triazolo [4, 3 -a] pyridine - 
3H-one, 

2- [3-OXO-4- (2-propynyl) -3 , 4 -dihydro-2H-l , 4 -benzoxazin- 
6-yl] -l-methyl-6-trif luoromethyl-2 , 4 (1H, 3H) - 
pyrimidinedione , 

2- [6-f luoro-2-oxo-3- (2-propynyl) -2,3- 
dihydrobenzthiazol-5-yl] -3,4,5,6- 
tetrahydrophthalimide, and 

l-amino-2- [3-oxo-4- (2-propynyl) -3 , 4 -dihydro-2H- 1 , 4 - 
benzoxazin-6-yl] -6-tri-f luoromethyl-2 , 4 (1H, 3H) - 
pyrimidinedione . 



,5 



1 . 



*t 0 & V -0^ »^ ^ • 3 ' 



^ ^ s e* v.- 



5 i s & < 



1* 



^' t ^ ^ A^ C 



^0 



3 * „V3* «P-* 



a c c ° rt^S- 



A 



3° 
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26. A method of evaluating the inhibitory effect 
of a compound on protoporphyrinogen oxidase, 
comprising (a) culturing in the presence of a test 
compound a sensitive microorganism containing a gene 

5 encoding a protein with protoporphyrinogen oxidase 

activity sensitive to protoporphyrinogen inhibitors 
and a resistant microorganism which differs from said 
sensitive microorganism only by a gene encoding a 
protein with protoporphyrinogen oxidase activity 
10 resistant to protoporphyrinogen inhibitors in which 

the amino acid corresponding to Vall3 of SEQ . ID. No. : 
1, SEQ. ID. No. : 2 or SEQ. ID. No . : 3 is replaced with 
another amino acid and (b) measuring the growth of 
both of said sensitive and resistant microorganisms to 
15 evaluate the inhibitory effect of the test compounds 

on protoporphyrinogen oxidase . 

27. The method of evaluating the 
protoporphyrinogen oxidase- inhibitory effect according 
to claim 26, wherein the resistant microorganism is 
obtained by introducing a gene encoding a protein 
having protoporphyrinogen oxidase activity resistant 
to porphyric heribicides in which the Vall3 of SEQ. 
ID. NO.: 1, SEQ. ID. NO.: 2 or SEQ. ID. NO.: 3 is 
replaced by another amino acid in a microorganism 
lacking active protoporphyrinogen oxidase, thereby 
restoring the growth ability of the microorganism. 

28. The method of evaluating the 
protoporphyrinogen oxidase -inhibitory effect according 
to claim 26, wherein the resistant microorganism is 

3 0 obtained by introducing a resistant gene encoding a 

protein having protoporphyrinogen oxidase activity, in 
which the Vall3 of SEQ. ID. No.: 1, SEQ. ID. No.: 2 or 
SEQ. ID. No. : 3 is replaced by another amino acid, 
into a Chlamydomonas strain sensitive to 

35 protoporphyrinogen oxidase-inhibiting herbicides. 



20 



25 
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microorganism . 

33 . The method of selecting a protoporphyrinogen 
oxidase inhibitor according to claim 31, wherein the 
resistant microorganism is obtained by introducing a 

i gene encoding a protein having protoporphyrinogen 

oxidase activity, in which the Vall3 of SEQ. ID. No . : 
1, SEQ. ID. No. : 2 or SEQ. ID. No. : 3 is replaced by 
another amino acid, into a Chlamydomonas strain 
sensitive to protoporphyrinogen oxidase-inhibiting 
herbicides. 

34 . The method of selecting a protoporphyrinogen 
oxidase inhibitor according to claim 31, wherein said 
gene encoding a protein with protoporphyrinogen 
oxidase activity resistant to the protoporphyrinogen 
oxidase inhibitor is a gene comprising a DNA fragment 
as claimed in either of claims 20 or 22. 

35. The method of selecting a protoporphyrinogen 
oxidase inhibitor according to any one of claims 31 to 
34, wherein (as claim 30) . 

36. An in vivo method of identifying compounds 
that do not inhibit protoporphyrinogen oxidase 
activity, comprising (a) culturing in the presence of 
a test compound a sensitive microorganism, containing 
a gene encoding a protein with protoporphyrinogen 
oxidase activity sensitive to protoporphyrinogen 
oxidase inhibitors, and a resistant microorganism, 
which differs from said sensitive microorganism only 
by a gene encoding a protein with protoporphyrinogen 
oxidase activity resistant to protoporphyrinogen 
oxidase inhibitors in which the amino acid 
corresponding to Vall3 of SEQ. ID. No.: 1, SEQ. ID. 
No.: 2 or SEQ. ID. No.: 3 is replaced by another amino 
acid, and (b) identifying the compounds which inhibit 
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growth of both of said sensitive and resistant 
microorganisms . 

37. The method of identifying and evaluating a 
compound that does not affect protoporphyrinogen 
oxidase activity according to claim 36, wherein the 
resistant microorganism is obtained by introducing a 
gene encoding a protein having protoporphyrinogen 
oxidase activity resistant to porphyric herbicides in 
which the Vall3 of SEQ. ID. No.: 1, SEQ. ID. No.: 2 or 
SEQ. ID. No.: 3 is replaced by another amino acid in a 
mutant microorganism lacking active protoporphyrinogen 
oxidase, thereby restoring the growth ability of the 
mutant . 



38. The method of identifying and evaluating a 
compound that does not affect protoporphyrinogen 
oxidase activity according to claim 36, wherein the 
resistant microorganism is obtained by introducing a 
gene encoding a protein having protoporphyrinogen 
oxidase activity resistant to porphyric herbicides, in 
which the Vall3 of SEQ. ID. No.: 1, SEQ. ID. No.: 2 or 
SEQ. ID. No.: 3 is replaced by another amino acid, 
into a Chlamydomonas strain sensitive to 
protoporphyrinogen oxidase- inhibiting herbicides. 

39. The method of identifying and evaluating a 
compound that does not affect protoporphyrinogen 
oxidase according to claim 36 wherein said gene 
encoding a protein with protoporphyrinogen oxidase 
activity resistant to protoporphyrinogen inhibitors is 
a gene comprising a DNA fragment as claimed in either 
of claims 20 or 22. 



40. The method of identifying and evaluating a 
compound that does not affect protoporphyrinogen 
oxidase activity according to any one of claims 3 6 to 
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3 9 wherein said resistant microorganism is obtained by- 
introducing a gene encoding a protein having 
protoporphyrinogen oxidase activity in which Vall3 of 
SEQ. ID. No.:, SEQ . ID. No.: 2 or SEQ . ID. No.: 3 is 
replaced by Met or in which G3 7 of SEQ. ID. No.: 4, 
SEQ. ID. No.: 5 or SEQ. ID. No.: 6 is replaced by 
adenine . 
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